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Description
Technical Field

[0001] The present invention relates to site-specific mutants of sc(Fv)2, a minibody (low-molecular-weight antibody),
and uses thereof.

Background Art

[0002] Developing and producing stable proteins with maintained functions and establishing their storage conditions
are considered to be important in the formulation of biopharmaceuticals.

[0003] Proteins have different chemical properties from DNAs which handle genetic information, and their structures
are flexible, which in other words means they are unstable. Even under physiological conditions, proteins are constantly
in equilibrium between natural structure and disrupted structure (denatured structure).

[0004] Known pathways by which proteins generally degrade are: a degradation pathway accompanied by physical
association of protein molecules such as formation of soluble multimers or production of precipitates/insoluble materials
(Non-Patent Document 1); and a degradation pathway caused by chemical modifications through hydrolysis, deamidation
reaction, methionine oxidation reaction, or such (Non-Patent Document 2). When developing proteins as pharmaceuti-
cals, it is necessary to suppress both of these degradation pathways to a minimum and provide formulations in which
the protein biological activity does not decrease during storage. Optimizing the pH of solutions, optimizing the type and
concentration of buffers and salts, and optimizing the type and concentration of stabilizers are methods carried out for
suppressing such degradation pathways to a minimum.

[0005] Known antibodies that can be used as pharmaceuticals are full-length antibodies, fragmented antibodies,
minibodies, and such. It has been reported that a monomer-dimer equilibrium reaction takes place between two antibody
molecules, and in antibody IgG molecules, monomers and dimers exist in a state of reversible equilibrium (Non-Patent
Document 3). It is generally known that antibody molecules, including minibodies, readily aggregate and have very low
stability (Non-Patent Document 4). When preparing antibody formulations, it is necessary to maintain antibodies in their
monomeric state, which demonstrates activity in very high concentrations; therefore, formulating antibodies with secured
stability has been considered a major challenge in developing antibodies as pharmaceuticals.

[0006] To develop protein pharmaceuticals having secured stability as pharmaceuticals, there are methods for in-
creasing protein stability by optimizing formulation conditions such as those described above, and methods for enhancing
the original stability of a protein by artificially introducing amino acid mutations to the primary sequence of a protein of
interest. Various methods have been reported so far for improving the protein stability of a certain protein with known
sequence by amino acid mutation (Non-Patent Documents 5, 6, and 7). For antibody molecules, sites (locations) of
residues that strongly influence the stability in scFvs and stable amino acid residues for those locations have been
reported from studies using scFvs which are single-chain antibodies of VH-VL (Non-Patent Documents 8, 9, 10, and
11). There are several reports that have actually improved the stability of scFv molecules by amino acid modification
using these methods (Non-Patent Documents 12, 13, and 14).

[0007] Fab, Fv, scFv, sc(Fv)2, and such are known as antibody molecules with reduced molecular weights. Even for
Fv and Fab which are fragmented antibody molecules from the same full-length IgG, Fab is known to have a different
stability from Fv due to the presence of CH1 and CL. A similar situation holds for scFv: since CH1 and CL are absent
in scFv, hydrophobic amino acids that are not exposed on the surface of Fab are exposed on the surface of scFv, causing
its thermal stability to decrease; substitution of these residues by hydrophilic amino acids has been reported to improve
stability in thermal acceleration assays (Non-Patent Document 7). Therefore, the sites (locations) of residues that influ-
ence stability and the stable residues are different in scFv and Fab, which are similar low-molecular-weight antibody
molecules. Therefore, amino acid sites and amino acids affecting the stability of sc(Fv)2 may not necessarily match the
amino acid sites and amino acids affecting the stability of scFvs that have been reported so far. To date, there are no
reports on the sites (locations) of stability-affecting residues or stable residues in sc(Fv)2 molecules, and no investigation
has been carried out so far for sc(Fv)2 to increase the stability of sc(Fv)2 by introducing site-specific amino acid mutations.

[Non-Patent Document 1] Int. J. Pharm., 2005, 289, 1-30.

[Non-Patent Document 2] Int. J. Pharm., 1999, 185, 129-188.

[Non-Patent Document 3] Biochemistry, 1999, 38, 13960-13967.

[Non-Patent Document 4] FEBS Letters, Volume 360, Issue 3, 1995, 247-250.
[Non-Patent Document 5] Current Opinion in Biotechnology, 2002, 13, 333-337.
[Non-Patent Document 6] J. Biotechnology, 2004, 113, 105-120.

[Non-Patent Document 7] Microbiol Mol Biol Rev., 2001, 65(1), 1-43.
[Non-Patent Document 8] J. Mol. Biol., 2003, 325, 531-553.
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[Non-Patent Document 9] J. Mol. Biol., 2001, 305, 989-1010.

[Non-Patent Document 10] Methods, 2004, 184-199.

[Non-Patent Document 11] Protein Eng., 1997, 10(4), 435-44.
[Non-Patent Document 12] Biochemistry, 2003, 42, 1517-1528.
[Non-Patent Document 13] Int. J. Cancer, 2003, 107, 822-829.
[Non-Patent Document 14] Protein Engineering, 1997, 10(12), 1453-1459.

Disclosure of the Invention

[Problems to be Solved by the Invention]

[0008] The present invention was achieved in view of the above circumstances. The present invention is aimed to
provide methods for stabilizing sc(Fv)2 or methods for suppressing aggregation of sc(Fv)2 molecules, which comprise
the step of introducing site-specific mutations into sc(Fv)2; to provide sc(Fv)2s that have been stabilized by the introduction
of site-specific mutations; to stabilize sc(Fv)2 by allocating specific amino acids to sites that affect the stability of sc(Fv)
2.; to provide sc(Fv)2 with an increased Tm value; and to provide pharmaceutical compositions comprising stabilized
sc(Fv)2, methods for producing the pharmaceutical compositions, and kits comprising the pharmaceutical compositions.

[Means for Solving the Problems]

[0009] To solve the above-mentioned problems, the present inventors introduced site-specific mutations into sc(Fv)
2 and examined the stabilizing effects on sc(Fv)2.

[0010] First, the present inventors measured the Tm values of humanized VB22B sc(Fv)2 site-specific mutants using
Differential Scanning Calorimetry (DSC). As a result of carrying out amino acid modifications that increase the stability
ofhVB22B g-e sc(Fv)2, hVB22B u2-wz4 sc(Fv)2 whose Tm increased by 13.3°C and hVB22B qwz5 whose Tmincreased
by 15.5°C were obtained (Fig. 4). To date, there are no reports on the Tm value of sqFv)2 or on increasing the Tm value
by modifying the amino acids of sc(Fv)2.

[0011] Next, thermal acceleration assays were performed on sc(Fv)2 site-specific mutants, and the stability of each
sc(Fv)2 site-specific mutant was evaluated based on the temporal change in the ratio of residual monomers after thermal
acceleration, which is calculated by measuring the monomer area by gel filtration chromatographic (SEC) analysis.
[0012] As a result, amino acid modifications that have stabilizing effects on sc(Fv)2 were discovered (Figs. 9-17 and
21-23).

[0013] Hence, through the present invention, the present inventors successfully increased the Tm of sc(Fv)2 by amino
acid modification for the first time. Furthermore, the present inventors discovered that sc(Fv)2 is stabilized when site-
specific mutations are introduced into sc(Fv)2, and thereby completed the present invention.

[0014] More specifically, the present invention provides the following:

[1]a method for stabilizing an sc(Fv)2, wherein the method comprises the step of introducing a site-specific mutation
into the sc(Fv)2;

[2] @ method for suppressing association between sc(Fv)2s, wherein the method comprises the step of introducing
a site-specific mutation into the sc(Fv)2s;

[3] 2 method for increasing the Tm value of an sc(Fv)2 by 10°C or more, wherein the method comprises the step of
introducing a site-specific mutation into the sc(Fv)2;

[4] the method of any one of [1] to [3], wherein the introduction of a site-specific mutation introduces a mutation to
at least one amino acid selected from:

a) the 48th amino acid in the heavy chain;
b) the 65th amino acid in the heavy chain;
c) the 7th amino acid in the light chain;

d) the 8th amino acid in the light chain;

e) the 36th amino acid in the light chain;
f) the 43rd amino acid in the light chain;
g) the 45th amino acid in the light chain;
h) the 70th amino acid in the light chain;

i) the 81 st amino acid in the heavy chain;
(j) the 39th amino acid in the heavy chain; and
(k) the 38th amino acid in the light chain;

(
(
(
(
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[5] the method of any one of [1] to [4], wherein the introduction of a site-specific mutation introduces at least one
amino acid mutation selected from:

(a) substitution of the 48th amino acid in the heavy chain to isoleucine;
(b) substitution of the 65th amino acid in the heavy chain to glycine;

(c) substitution of the 7th amino acid in the light chain to serine;

(d) substitution of the 8th amino acid in the light chain to proline;

(e) substitution of the 36th amino acid in the light chain to phenylalanine;
(f) substitution of the 43rd amino acid in the light chain to alanine;

(g) substitution of the 45th amino acid in the light chain to arginine;

(h) substitution of the 70th amino acid in the light chain to aspartic acid;
(i) substitution of the 81st amino acid in the heavy chain to glutamine;

(j) substitution of the 39th amino acid in the heavy chain to glutamic acid or lysine; and
(K) substitution of the 38th amino acid in the light chain to glutamic acid or lysine;

[6] @ method for stabilizing an sc(Fv)2 by any one of the following methods:

(a) a method for converting the 48th amino acid in the heavy chain to isoleucine;

(b) @ method for converting the 65th amino acid in the heavy chain to glycine;

(c) a method for converting the 7th amino acid in the light chain to serine;

(d) a method for converting the 8th amino acid in the light chain to proline;

(e) a method for converting the 36th amino acid in the light chain to phenylalanine;

(f) a method for converting the 43rd amino acid in the light chain to alanine;

(g) a method for converting the 45th amino acid in the light chain to arginine;

(h) a method for converting the 70th amino acid in the light chain to aspartic acid;

(i) a method for converting the 81 st amino acid in the heavy chain to glutamine;

(j) a method for converting the 39th amino acid in the heavy chain to glutamic acid or lysine; and
(K) a method for converting the 38th amino acid in the light chain to glutamic acid or lysine;

[7] an sc(Fv)2 into which a mutation has been introduced to at least one amino acid selected from:

(a) the 48th amino acid in the heavy chain;
(b) the 65th amino acid in the heavy chain;
(c) the 7th amino acid in the light chain;
(d) the 8th amino acid in the light chain;
(e) the 36th amino acid in the light chain;
(f) the 43rd amino acid in the light chain;
(g) the 45th amino acid in the light chain;
(h) the 70th amino acid in the light chain;
(i) the 81 st amino acid in the heavy chain;

(j) the 39th amino acid in the heavy chain; and
(k) the 38th amino acid in the light chain;

[8] an sc(Fv)2 into which at least one amino acid mutation selected from the following (a) to (k) has been introduced:

(a) substitution of the 48th amino acid in the heavy chain to isoleucine;
(b) substitution of the 65th amino acid in the heavy chain to glycine;

(c) substitution of the 7th amino acid in the light chain to serine;

(d) substitution of the 8th amino acid in the light chain to proline;

(e) substitution of the 36th amino acid in the light chain to phenylalanine;
(f) substitution of the 43rd amino acid in the light chain to alanine;

(g) substitution of the 45th amino acid in the light chain to arginine;

(h) substitution of the 70th amino acid in the light chain to aspartic acid;
(i) substitution of the 81 st amino acid in the heavy chain to glutamine;

(j) substitution of the 39th amino acid in the heavy chain to glutamic acid or lysine; and
(K) substitution of the 38th amino acid in the light chain to glutamic acid or lysine;

[9] an sc(Fv)2 selected from:
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(a) an sc(Fv)2 with isoleucine as the 48th amino acid in the heavy chain;

(b) an sc(Fv)2 with glycine as the 65th amino acid in the heavy chain;

(c) an sc(Fv)2 with serine as the 7th amino acid in the light chain;

(d) an sc(Fv)2 with proline as the 8th amino acid in the light chain;

(e) an sc(Fv)2 with phenylalanine as the 36th amino acid in the light chain;

(f) an sc(Fv)2 with alanine as the 43rd amino acid in the light chain;

(g) an sc(Fv)2 with arginine as the 45th amino acid in the light chain;

(h) an sc(Fv)2 with aspartic acid as the 70th amino acid in the light chain;

(i) an sc(Fv)2 with glutamine as the 81 st amino acid in the heavy chain;

(j) @ method for converting the 39th amino acid in the heavy chain to glutamic acid or lysine; and
(k) a method for converting the 38th amino acid in the light chain to glutamic acid or lysine;

[10] an sc(Fv)2 whose Tm value is 55°C or higher;

[11] an sc(Fv)2 whose Tm value has increased by 10°C or more by the introduction of a sitespecific amino acid
mutation, as compared with before the introduction;

[12] a pharmaceutical composition comprising the sc(Fv)2 of any one of [7] to [11]; and

[13] a method for producing the pharmaceutical composition of [12], wherein the method comprises the steps of:

(1) introducing the site-specific mutation of any one of [1] to [5] into the sc(Fv)2; and
(2) mixing with a pharmaceutically acceptable carrier.

Brief Description of the Drawings

[0015]

Fig. 1 shows the result of evaluating the agonistic activity of hVB22B g-e sc(Fv)2 using BaF-human Mpl.

Fig. 2 shows the result of evaluating the agonistic activity of hVB22B u2-wz4 sc(Fv)2 using BaF-human Mpl.

Fig. 3 shows the result of evaluating the agonistic activity of hWVB22B g-wz5 sc(Fv)2 using BaF-human Mpl.

Fig. 4 shows the Tm values for hVB22B g-e sc(Fv)2 and the site-specific mutants of this sc(Fv)2.

Fig. 5 shows the change in the ratio of residual monomers, when lle on site 37 in the heavy chain of sc(Fv)2 was
substituted to Val.

Fig. 6 shows the change in the ratio of residual monomers when Pro on site 9 in the heavy chain of sc(Fv)2 was
substituted to Ala.

Fig. 7 shows the change in the ratio of residual monomers when Pro on site 9 in the heavy chain of sc(Fv)2 was
substituted to Ser.

Fig. 8 shows the change in the ratio of residual monomers when Leu on site 37 in the light chain of sc(Fv)2 was
substituted to Gin.

Fig. 9 shows the change in the ratio of residual monomers when Ala on site 8 in the light chain of sc(Fv)2 was
substituted to Pro.

Fig. 10 shows the change in the ratio of residual monomers when Val on site 65 in the heavy chain of sc(Fv)2 was
substituted to Gly.

Fig. 11 shows the change in the ratio of residual monomers, when Ser on site 43 in the light chain of sc(Fv)2 was
substituted to Ala and Gin on site 45 in the light chain of sc(Fv)2 was substituted to Arg.

Fig. 12 shows the change in the ratio of residual monomers when Tyr on site 36 in the light chain of sc(Fv)2 was
substituted to Phe.

Fig. 13 shows the change in the ratio of residual monomers when Ala on site 70 in the light chain of sc(Fv)2 was
substituted to Asp.

Fig. 14 shows the change in the ratio of residual monomers when Ala on site 7 in the light chain of sc(Fv)2 was
substituted to Ser.

Fig. 15 shows the change in the ratio of residual monomers when Gin on site 81 in the heavy chain of sc(Fv)2 was
substituted to Glu.

Fig. 16 shows the change in the ratio of residual monomers when Arg on site 81 in the heavy chain of sc(Fv)2 was
substituted to Glu.

Fig. 17 shows the change in the ratio of residual monomers when Met on site 48 in sc(Fv)2 was substituted to lle.
Fig. 18 shows the processes for generating the sc(Fv)2 gene.

Fig. 19-A shows the VH amino acid sequences of sc(Fv)2 used in the Examples. The - in the figure indicates that
the amino acid sequence is the same as that of g-e.

Fig. 19-B shows continuation of the sequences in Fig. 19-A.
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Fig. 20-A shows the VL amino acid sequences of sc(Fv)2 used in the Examples. The - in the figure indicates that
the amino acid sequence is the same as that of g-e.

Fig. 20-B shows continuation of the sequences in Fig. 20-A.

Fig. 21 shows the results of gel filtration chromatography for u2-wz4, variant v1, and variant v3.

Fig. 22 shows the results of DSC analysis for u2-wz4-purified peak 1, u2-wz4-purified peak 2, variant v1, and variant
v3.

Fig. 23 shows the results of gel filtration chromatographic analysis in thermal acceleration tests for u2-wz4-purified
peak 1, u2-wz4-purified peak 2, variant v1, and variant v3.

Best Mode for Carrying Out the Invention

[0016] The present inventors discovered that the stability of sc(Fv)2 increases by introducing site-specific mutations.
The present inventors also discovered that the stability of sc(Fv)2 increases by arranging specific amino acids at specific
sites. The present invention is based on these findings.

[0017] The present invention relates to methods for stabilizing sc(Fv)2, which comprises the step of introducing site-
specific mutations into sc(Fv)2.

[0018] In the methods of the present invention, "modifying" and "introducing mutations" into amino acid residues
specifically refer to substituting the original amino acid residues (before modification) with other amino acid residues,
deleting the original amino acid residues, adding new amino acid resides, and such, but preferably refer to substituting
the original amino acid residues with other amino acid residues. The original amino acid sequences (before modification)
as used in the present invention may be naturally derived sequences, or sequences to which amino acid substitutions,
humanization, or such have already been performed. In the present description, "modifying" amino acid residues and
"introducing mutations" of amino acid residues have the same meaning.

[0019] Inthe presentinvention, "introducing mutations" of amino acid residues can be carried out by modifying sc(Fv)
2-encoding DNAs.

[0020] Inthe presentinvention, when introducing mutations into the heavy chain (or light chain) of an sc(Fv)2, mutations
may be introduced into both of the two heavy chains (or both of the two light chains) comprised in the sc(Fv)2, or mutations
may be introduced into only one of the heavy chains (or light chains).

[0021] Inthe presentinvention, "modifying DNAs" means modifying DNAs according to amino acid residues introduced
through "mutation introduction” in the present invention. More specifically, it refers to changing DNAs encoding the
original amino acid residues into DNAs encoding amino acid residues introduced through modifications. Generally, it
means performing gene manipulations or mutation treatments on original DNAs to insert, delete, or substitute at least
one nucleotide to obtain codons encoding the amino acid residues of interest. In other words, codons encoding the
original amino acid residues are substituted with codons encoding amino acid residues introduced through modifications.
Such DNA modifications can be suitably carried out by those skilled in the art using known techniques such as site-
specific mutagenesis or PCR mutagenesis.

[0022] In the present invention, the sites where the site-specific mutations are introduced are not particularly limited,
and may be any site in sc(Fv)2, but are preferably any of the following sites:

(a) the 48th amino acid in the heavy chain;
(b) the 65th amino acid in the heavy chain;
(c) the 7th amino acid in the light chain;
(d) the 8th amino acid in the light chain;
(e) the 36th amino acid in the light chain;
(f) the 43rd amino acid in the light chain;
(9) the 45th amino acid in the light chain;
(h) the 70th amino acid in the light chain;
(i) the 81 st amino acid in the heavy chain;
(j) the 39th amino acid in the heavy chain; and
(k) the 38th amino acid in the light chain.

[0023] The amino acids after the substitution are not particularly limited, and any amino acid substitution is acceptable,
but preferred examples of amino acids after substitution include the following amino acids:

a) the 48th amino acid in the heavy chain: isoleucine;
b) the 65th amino acid in the heavy chain: glycine;

c) the 7th amino acid in the light chain: serine;

d) the 8th amino acid in the light chain: proline;

(
(
(
(
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(e) the 36th amino acid in the light chain: phenylalanine;

f) the 43rd amino acid in the light chain: alanine;

g) the 45th amino acid in the light chain: arginine;

h) the 70th amino acid in the light chain: aspartic acid;

i) the 81 st amino acid in the heavy chain: glutamine;

j) the 39th amino acid in the heavy chain: glutamic acid or lysine; and
k) the 38th amino acid in the light chain: glutamic acid or lysine.

o m— —

[0024] Furthermore, the present invention relates to methods for stabilizing sc(Fv)2 by assigning specific amino acids
to specific sites in sc(Fv)2. More specifically, it relates to methods for stabilizing sc(Fv)2 by any of the following methods:

(a) a method for converting the 48th amino acid in the heavy chain to isoleucine;

(b) @ method for converting the 65th amino acid in the heavy chain to glycine;

(c) a method for converting the 7th amino acid in the light chain to serine;

(d) a method for converting the 8th amino acid in the light chain to proline;

(e) a method for converting the 36th amino acid in the light chain to phenylalanine;

(f) a method for converting the 43rd amino acid in the light chain to alanine;

(g) a method for converting the 45th amino acid in the light chain to arginine;

(h) a method for converting the 70th amino acid in the light chain to aspartic acid;

(i) a method for converting the 81 st amino acid in the heavy chain to glutamine;

(j) a method for converting the 39th amino acid in the heavy chain to glutamic acid or lysine; and
(k) a method for converting the 38th amino acid in the light chain to glutamic acid or lysine.

[0025] Inthe present invention, sc(Fv)2 is an antibody in which two heavy chain variable regions ([VH]) and two light
chain variable regions ([VL]) are linked using linkers or such to produce a single chain polypeptide (Hudson et al., J.
Immunol. Methods 1999; 231:177-189). sc(Fv)2 can be produced, for example, by linking two scFvs (single chain Fvs)
(Huston, J. S. etal., Proc. Natl. Acad. Sci. U.S.A. (1988) 85, 5879-5883; and Pluckthun "The Pharmacology of Monoclonal
Antibodies" Vol.113 Rosenburg and Moore ed. Springer Verlag, New York, pp. 269-315, 1994) with a linker or such.
Arbitrary peptide linkers that can be introduced by genetic engineering, or synthetic linkers, for example, those disclosed
in Protein Engineering, 9(3), 299-305, 1996 can be used as linkers, but in the present invention, peptide linkers are
preferable. The length of the peptide linkers is not particularly limited, and can be suitably selected according to the
purpose by those skilled in the art; however, the length is generally 1 to 100 amino acids, preferably 5 to 30 amino acids,
and particularly preferably 12 to 18 amino acids (for example, 15 amino acids).

[0026] The order of the two heavy chain variable regions and the two light chain variable regions that are linked is not
particularly limited, and they may be placed in any order. Examples include the following arrangements:

[VH]-linker-[VL]-linker-[VH]-linker [VL]
[VL]-linker-[VH]-linker-[VH]-linker-[VL]
[VH]-linker-[VL]-linker-[VL]-linker-[VH]
[VH]-linker-[VH]-linker-[VL]-linker-[VL]
[VL]-linker-[VL]-linker-[VH]-linker-[VH]
[VL]-linker-[VH]-linker-[VL]-linker-[VH]

[0027] Inthe present invention, sc(Fv)2 preferably has the [VH]-linker-[VL]-linker-[VH]-linker-[VL] arrangement.
[0028] Examples of amino acid sequences of the peptide linkers include the following sequences:

Ser

Gly-Ser

Gly-Gly-Ser

Ser-Gly-Gly

Gly-Gly-Gly-Ser (SEQ ID NO: 42)
Ser-Gly-Gly-Gly (SEQ ID NO: 43)
Gly-Gly-Gly-Gly-Ser (SEQ ID NO: 44)
Ser-Gly-Gly-Gly-Gly (SEQ ID NO: 45)
Gly-Gly-Gly-Gly-Gly-Ser (SEQ ID NO: 46)
Ser-Gly-Gly-Gly-Gly-Gly (SEQ ID NO: 47)
Gly-Gly-Gly-Gly-Gly-Gly-Ser (SEQ ID NO: 48)
Ser-Gly-Gly-Gly-Gly-Gly-Gly (SEQ ID NO: 49)
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(Gly-Gly-Gly-Gly-Ser (SEQ ID NO: 44))n
(Ser-Gly-Gly-Gly-Gly (SEQ ID NO: 45))n

where n is an integer of 1 or larger.

[0029] Syntheticlinkers (chemical crosslinking agents) include crosslinking agents routinely used to crosslink peptides,
for example, N-hydroxy succinimide (NHS), disuccinimidyl suberate (DSS), bis(sulfosuccinimidyl) suberate (BS3), dithio-
bis(succinimidyl propionate) (DSP), dithiobis(sulfosuccinimidyl propionate) (DTSSP), ethylene glycol bis(succinimidyl
succinate) (EGS), ethylene glycol bis(sulfosuccinimidyl succinate) (sulfo-EGS), disuccinimidyl tartrate (DST), disulfo-
succinimidyl tartrate (sulfo-DST), bis[2-(succinimidoxycarbonyloxy)ethyl] sulfone (BSOCOES), and bis[2-(sulfosuccin-
imidoxycarbonyloxy)ethyl] sulfone (sulfo-BSOCOES). These crosslinking agents are commercially available.

[0030] Ingeneral, three linkers are required to link four antibody variable regions together. The linkers to be used may
be of the same type or different types.

[0031] Amino acid sequences of the heavy chain variable regions or light chain variable regions may comprise sub-
stitutions, deletions, additions, and/or insertions. Moreover, so long as the heavy chain variable and light chain variable
regions have, when assembled, the antigen-binding activity, a part may be deleted or other peptides may be added.
Furthermore, the variable regions may also be humanized.

[0032] Methods for preparing polypeptides functionally equivalent to a certain polypeptide are well known to those
skilled in the art, and include methods of introducing mutations into polypeptides. For example, those skilled in the art
can prepare an antibody functionally equivalent to the antibodies of the present invention by introducing appropriate
mutations into the antibody using site-directed mutagenesis (Hashimoto-Gotoh, T. et al. Gene 152, 271-275, (1995);
Zoller, MJ, and Smith, M. Methods Enzymol. 100, 468-500, (1983); Kramer, W. et al., Nucleic Acids Res. 12, 9441-94586,
(1984); Kramer, W. and Fritz HJ, Methods Enzymol. 154, 350-367, (1987); Kunkel, TA, Proc. Natl. Acad. Sci. USA. 82,
488-492, (1985); Kunkel, Methods Enzymol. 85, 2763-2766, (1988)), or such. Amino acid mutations may occur naturally.
Thus, the present invention also comprises antibodies functionally equivalent to the antibodies of the present invention
and comprising the amino acid sequences of these antibodies, in which one or more amino acids are mutated.

[0033] The number of amino acids that are mutated is not particularly limited. Generally, the humber is 30 amino acids
or less, preferably 15 amino acids or less, more preferably five amino acids or less (for example, three amino acids or
less). The amino acid residues to be mutated are preferably mutated to other amino acids in which the properties of the
amino acid side chains are maintained. Examples of amino acid side chain properties are: hydrophobic amino acids (A,
I, L, M, F, P, W, Y, and V), hydrophilic amino acids (R, D, N, C, E, Q, G, H, K, S, and T), amino acids comprising the
following side chains: aliphatic side chains (G, A, V, L, I, and P); hydroxyl-containing side chains (S, T, and Y); sulfur-
containing side chains (C and M); carboxylic acid- and amide-containing side chains (D, N, E, and Q); basic side chains
(R, K, and H); aromatic ring-containing side chains (H, F, Y, and W) (amino acids are represented by one-letter codes
in parentheses). A polypeptide comprising a modified amino acid sequence, in which one or more amino acid residues
is deleted, added, and/or replaced with other amino acids, is known to retain its original biological activity (Mark, D. F.
etal., Proc. Natl. Acad. Sci. USA 81, 5662-5666 (1984); Zoller, M. J. & Smith, M. Nucleic Acids Research 10, 6487-6500
(1982); Wang, A. etal., Science 224, 1431-1433; Dalbadie-McFarland, G et al., Proc. Natl. Acad. Sci. USA 79, 6409-6413
(1982)). Furthermore, the amino acid sequences of antibody constant regions are known to those skilled in the art.
[0034] Chimeric antibodies are antibodies generated by combining sequences derived from different animals, for
example, antibodies comprising variable regions of mouse antibody heavy and light chains and constant regions of
human antibody heavy and light chains. Chimeric antibodies can be produced by known methods, for example, by linking
DNAs encoding an antibody V region and DNAs encoding a human antibody C region, incorporating this into an expression
vector, introducing the vector into a host, and then producing the antibody.

[0035] Humanized antibodies are also referred to as reshaped human antibodies. They are antibodies in which the
complementarity determining regions (CDRs) of an antibody of a non-human mammal, for example a mouse, have been
transferred to the CDRs of a human antibody, and general genetic recombination procedures for this are also known
(see European Patent Application No. 125023 and WO 96/02576).

[0036] Specifically, DNA sequences designed to link mouse antibody CDRs to the framework region (FR) of a human
antibody are synthesized by PCR, using as primers a number of oligonucleotides produced to comprise overlapping
portions for the terminal regions of both the CDRs and FR (see methods described in WO 98/13388).

[0037] The human antibody framework regions that form favorable antigen-binding sites with the complementarity
determining regions are selected as the framework regions to be linked via the CDRs. Amino acids in the framework
region of the antibody variable region may be substituted as required such that the CDRs of the reshaped human antibody
form suitable antigen-binding sites (Sato, K. et al., Cancer Res. (1993) 53, 851-856).

[0038] Human antibody constant regions are generally used for the constant regions of chimeric and humanized
antibodies, and for example, Cy1, Cy2, Cy3, and Cvy4 can be usedfor the H chain and Cx and Ch can be usedfor the L chain.
[0039] Generally, chimeric antibodies comprise variable regions of an antibody derived from a non-human mammal
and constant regions derived from a human antibody. On the other hand, humanized antibodies comprise complemen-
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tarity determining regions of an antibody derived from a non-human animal, and framework regions and constant regions
derived from a human antibody.

[0040] Amino acids in the variable regions (for example, FR) and constant regions can be, for example, substituted
by other amino acids after producing the chimeric or humanized antibodies.

[0041] The origin of the variable regions in the chimeric antibodies or CDRs in the humanized antibodies is not
particularly limited, and they may be derived from any animal. For example, sequences of mouse antibodies, rat anti-
bodies, rabbit antibodies, camel antibodies, or such can be used.

[0042] sc(Fv)2 used inthe present invention may be conjugated antibodies bound to various kinds of molecules such
as polyethylene glycol (PEG), radioactive substances, and toxins. Such conjugated antibodies can be obtained by
chemically modifying the obtained antibodies. Methods for modifying antibodies are already established in this field.
These conjugated antibodies are also included in the sc(Fv)2 of the present invention.

[0043] sc(Fv)2 used in the present invention-may be bispecific antibodies (see for example, Journal of Immunology,
1994, 162, 56368-5374). Bispecific antibodies may recognize two different types of antigens or may recognize different
epitopes on a same antigen.

[0044] sc(Fv)2 of the present invention may have a different protein, such as the Fc portion of IgG, fused to its N
terminus or C terminus (Clinical Cancer Research, 2004, 10, 1274-1281). Proteins that are fused can be suitably selected
by those skilled in the art.

[0045] sc(Fv)2 described above can be produced by methods known to those skilled in the art. Specifically, the DNA
of an sc(Fv)2 of interest is incorporated into an expression vector. The DNA is incorporated into an expression vector
such that it is expressed under the control of expression regulatory regions such as enhancers and promoters. Next,
the antibody can be expressed by transforming host cells with the expression vector. Herein, suitable combinations of
hosts and expression vectors can be used.

[0046] The vectors include, for example, M13 vectors, pUC vectors, pBR322, pBluescript, and pCR-Script. In addition
tothe above vectors, forexample, pGEM-T, pDIRECT, andpT7 can also be used forthe subcloning and excision of cDNAs.
[0047] In particular, when vectors are used to produce antibodies, expression vectors are useful. When an expression
vector is expressed, for example, in E. coli, it should have the above characteristics in order to be amplified in E. coli.
Additionally, when E. coli, such as JM109, DH50, HB101, or XL1-Blue are used as the host, the vector must have a
promoter that allows efficient expression of the desired gene in E. coli, for example, lacZ promoter (Ward et al. (1989)
Nature 341:544-546; (1992) FASEB J. 6:2422-2427), araB promoter (Better et al. (1988) Science 240:1041-1043), or
T7 promoter. Other examples of the vectors include pGEX-5X-1 (Pharmacia), "QlAexpress system" (QIAGEN), pEGFP,
and pET (for which BL21, a strain expressing T7 RNA polymerase, is preferably used as the host).

[0048] Furthermore, the vectors may comprise a sighal sequence for polypeptide secretion. When producing polypep-
tides into the periplasm of E. coli, the pelB signal sequence (Lei, S. P. et al. J. Bacteriol. 169:4379 (1987)) may be used
as a signal sequence for polypeptide secretion. For example, calcium chloride methods or electroporation methods can
be used to introduce vectors into host cells.

[0049] In addition to E. coli, examples of vectors for producing the polypeptides of the present invention include
expression vectors derived from: mammals (e.g., pCDNAS (Invitrogen), pEGF-BOS (Nucleic Acids Res. (1990) 18(17):
5322), pEF, pCDM8); insect cells (e.g., "Bac-to-BAC baculovirus expression system” (GIBCO-BRL), pBacPAKS); plants
(e.g., pMH1, pMH2); animal viruses (e.g., pHSV, pMV, pAdexLcw); retroviruses (e.g., pZIPneo); yeasts (e.g., "Pichia
Expression Kit" (Invitrogen), pNV11, SP-QO01); and Bacillus subtilis (e.g., pPL608, pKTH50).

[0050] In order to express proteins in animal cells such as CHO, COS, and NIH3T3 cells, the vector must have a
promoter necessary for expression in such cells, for example, an SV40 promoter (Mulligan et al. (1979) Nature 277:
108), MMTV-LTR promoter, EF1a promoter (Mizushima et al. (1990) Nucleic Acids Res. 18:5322), CAG promoter (Gene
(1991) 108:193), CMV promoter, etc.). It is further preferable that the vector also comprises a gene for selecting trans-
formants (for example, a drug-resistance gene that allows selection by a drug such as neomycin and G418). Examples
of vectors with such characteristics include pMAM, pDR2, pBK-RSV, pBK-CMV, pOPRSV, and pOP13.

[0051] In addition, to stably express a gene and amplify the gene copy number in cells, CHO cells that are defective
in the nucleic acid synthesis pathway are introduced with a vector containing a DHFR gene (for example, pCHOI) to
compensate for the defect, and the copy number is amplified using methotrexate (MTX). Alternatively, a COS cell, which
carries an SV40 T antigen-expressing gene on its chromosome, can be transformed with a vector containing the SV40
replication origin (for example, pcD) for transient gene expression. The replication origins derived from polyoma virus,
adenovirus, bovine papilloma virus (BPV), and such can be used. Furthermore, to increase the gene copy number in
host cells, the expression vectors may comprise, as a selection marker, the aminoglycoside transferase (APH) gene,
thymidine kinase (TK) gene, E. colixanthine guanine phosphoribosyl transferase (Ecogpt) gene, dihydrofolate reductase
(dhfr) gene, and such.

[0052] Inthe present invention, the term "stabilize" refers to suppressing aggregation caused by mutations. Suppres-
sion of aggregation does not have to be complete suppression of aggregation, and may simply be a decrease in the
degree or percentage of aggregation. In the present invention, aggregation may be reversible or irreversible aggregation.
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[0053] Inthe present invention, "aggregation" may be aggregation of sc(Fv)2 that takes place as time progresses, or
it may be aggregation that takes place as sc(Fv)2 is produced in host cells or aggregation that takes place as sc(Fv)2
is secreted from host cells. Suppression of the decrease in sc(Fv)2 activity and suppression of the conversion to non-
natural state are also considered to have the same meaning as the term "stabilization" of the present invention.
[0054] Whether stabilization has taken place or not can be measured by methods known to those skilled in the art.
For example, whether aggregation was suppressed or not can be measured by methods described in the Examples.
The degree of aggregation (percentage of aggregation) of antibody molecules can also be measured by methods known
to those skilled in the art, such as the sedimentation equilibrium method (ultracentrifugation), osmotic pressure method,
light scattering method, low-angle laser light scattering method, X-ray small angle scattering method, neutron small
angle scattering method, or gel filtration method.

[0055] Examples of a method for measuring the degree of aggregation (percentage of aggregation) of antibody mol-
ecules include methods using size exclusion chromatography (SEC), but it is not limited thereto.

[0056] The Tm value is known to serve as an indicator of protein stability in solution. Generally, the higher the tem-
perature, the more unstable the proteins; therefore, as proteins are heated, degeneration and aggregation start to take
place at a certain temperature, and proteins completely degenerate or aggregate at another temperature. The Tm value
is the midpoint temperature in such a change, and it can generally be measured by optical analyses such as differential
scanning calorimetry (DSC), change in temperature-dependent CD spectra, or such. When developing proteins as
pharmaceuticals, it is known that highly stable formulations can be produced by selecting formulation conditions that
give high Tm values (Pharm. Res. 1998 Feb; 15(2):200-8). Therefore, it is thought to facilitate the development into
pharmaceutical formulations by creating mutants whose Tm value is increased by amino acid modification.

[0057] For such reasons, in the present invention, when the Tm value of an sc(Fv)2 molecule is increased, the sc(Fv)
2 can be considered to have been stabilized. Therefore, the present invention relates to methods for increasing the Tm
value of an sc(Fv)2 by 10°C or more, where the methods comprise the step of introducing sitesspecific mutations into
the sc(Fv)2.

[0058] Whether the Tm value has increased or not can be examined by comparing the Tm value before amino acid
modification with the Tm value after amino acid modification. The increase in the Tm value is not particularly limited so
long as the Tm value after amino acid modification is higher than the Tm value before amino acid modification, but the
increase is preferably 10°C or more, more preferably 13°C or more, and particularly preferably 15°C or more. The upper
limit of the Tm value is not particularly limited, but it is generally 150°C or so.

[0059] Tm values can be measured by methods known to those skilled in the art, and for example, they can be
measured by methods described in the Examples.

[0060] The number of amino acids that are modified to increase the Tm value is not particularly limited, and a single
amino acid may be modified or multiple amino acids may be modified.

[0061] In the present invention, stabilization of sc(Fv)2 may be a temporary stabilization of sc(Fv)2 molecules, or it
may be an eventual stabilization of sc(Fv)2 molecules after a certain period of time. More specifically, it may be a
temporary maintenance of the activities as an sc(Fv)2 composition, or it may be an eventual maintenance of the sc(Fv)
2 molecule activities after a certain period of time.

[0062] In the present invention, the activities are not particularly limited and may be any activities such as binding
activity, neutralizing activity, cytotoxic activity, agonistic activity, antagonistic activity, enzyme activity, but binding activity
or agonistic activity is preferred.

[0063] Agonistic activity is an activity that induces some kind of change in physiological activity after the binding of an
antibody to an antigen, such as a receptor, which leads to signal transduction and such in cells. Without limitation,
examples of the physiological activity include proliferation activity, survival activity, differentiation activity, transcriptional
activity, membrane transport activity, binding activity, proteolytic activity, phosphorylation/dephosphorylation activity,
redox activity, transfer activity, nucleolytic activity, dehydration activity, cell death-inducing activity, and apoptosis-in-
ducing activity.

[0064] In the present invention, the antigens are not particularly limited, and may be any type of antigen. Examples
of antigens include receptors, cancer antigens, MHC antigens, and differentiation antigens. Examples of receptors
include receptors belonging to receptor families such as hematopoietic factor receptor family, cytokine receptor family,
tyrosine kinase-type receptor family, serine/threonine Kinase-type receptor family, TNF receptor family, G-protein coupled
receptor family, GPIl anchored-type receptor family, tyrosine phosphatase-type receptor family, adhesion factor family,
and hormone receptor family.

[0065] Examples of specific receptors belonging to the above-mentioned receptor families include human and mouse
erythropoietin (EPO) receptors, human and mouse granulocyte-colony stimulating factor (G-CSF) receptors, human and
mouse thrombopoietin (TPO) receptors, human and mouse insulin receptors, human and mouse FIt-3 ligand receptors,
human and mouse platelet-derived growth factor (PDGF) receptors, human and mouse interferon (IFN)-o or 3 receptors,
human and mouse leptin receptors, human and mouse growth hormone (GH) receptors, human and mouse interleukin
(IL)-10 receptors, human and mouse insulin-like growth factor (IGF)-I receptors, human and mouse leukemia inhibitory
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factor (LIF) receptors, and human and mouse ciliary neurotrophic factor (CNTF) receptors.

[0066] Cancer antigens are antigens that are expressed as cells become malignant, and are also called tumor-specific
antigens. Abnormal sugar chains that appear on cell surfaces or on protein molecules when cells become cancerous
are also cancer antigens, and are specifically called sugar-chain cancer antigens. Examples of cancer antigens include
CA19-9, CA15-3, and sialyl SSEA-1 (SLX).

[0067] MHC antigens are roughly classified into MHC class | antigens and MHC class |l antigens. MHC class | antigens
include HLA-A, -B, -C, -E, -F, -G, and -H, and MHC class Il antigens include HLA-DR, -DQ, -and -DP.

[0068] Differentiation antigens include CD1, CD2, CD3, CD4, CD5, CD6, CD7, CD8, CD10, CD11a, CD11b, CD11c,
CD13,CD14,CD15s,CD16, CD18, CD19, CD20, CD21, CD23, CD25, CD28, CD29, CD30, CD32, CD33, CD34, CD35,
CD38, CD40, CD41a, CD41b, CD42a, CD42b, CD43, CD44, CD45, CD45R0O, CD48, CD49a, CD49b, CD49c, CD49d,
CD49e, CD49f, CD51, CD54, CD55, CD56, CD57, CD58, CD61, CD62E, CD62L, CD62P, CD64, CD69, CD71, CD73,
CD95, CD102, CD106, CD122, CD126, CDw130.

[0069] Detection indicators used for measuring changes in activity can be used so long as quantitative and/or qualitative
changes can be measured. For example, indicators for cell free systems (cell free assays), indicators for cell-based
systems (cell-based assays), indicators for tissue-based systems, and indicators for biological systems can be used.
[0070] Enzymatic reactions, as well as quantitative and/or qualitative changes in proteins, DNAs, or RNAs can be
used as indicators for cell free systems. For example, amino acid transfer reaction, sugar transfer reaction, dehydration
reaction, dehydrogenation reaction, substrate cleaving-reaction, and such can be used for the enzymatic reactions.
Protein phosphorylation, dephosphorylation, dimerization, multimerization, degradation, dissociation, and such, and
DNA or RNA amplification, cleavage, and elongation can also be used. For example, phosphorylation of a protein present
in the downstream of a signal transduction pathway can be used as a detection indicator.

[0071] Cellphenotypicchanges, for example, quantitative and/or qualitative changes of produced substances, changes
in proliferation activity, changes in cell number, changes in morphology, and changes in properties can be used as
indicators for cell-based systems. Secretory proteins, surface antigens, intracellular proteins, mRNAs, and such can be
used for produced substances. Formation of protrusions and/or change in the number of protrusions, change in flatness,
change in the extent of elongation or in the horizontal to vertical ratio, change in cell size, change in internal structure,
heteromorphy/homogeneity as a cell population, change in cell density, and such can be used for changes in morphology.
Such changes in morphology can be confirmed through microscopic observations. Anchorage dependency, cytokine-
dependentresponsiveness, hormone dependence, drug resistance, cell motility, cell migration activity, pulsatility, change
in intracellular substances, and such can be used for changes in properties. Cell motility includes cell infiltration activity
and cell migration activity. Furthermore, for example, enzyme activity, mRNA level, amount of intracellular signaling
molecules such as Ca2*+ and cAMP, intracellular protein level, and such can be used for changes in intracellular sub-
stances. In the case of cell membrane receptors, changes in cell proliferation activity induced by receptor stimulation
can be used as an indicator.

[0072] Functional changes based on the tissues used can be used as a detection indicator for tissue-based systems.
Changes in tissue weight, hematologic changes such as change in the number of blood cells, changes in the protein
level, enzyme activity, or amount of electrolytes, or changes in the circulatory system such as changes in blood pressure
or heart rate can be used as indicators for biological systems.

[0073] Methods for measuring these detection indicators are not particularly limited, and absorbance, luminescence,
coloring, fluorescence, radioactivity, fluorescence polarization, surface plasmon resonance signal, time-resolved fluo-
rescence, mass, absorption spectrum, light scattering, fluorescence resonance energy transfer, and such can be used.
These measurement methods are well known to those skilled in the art, and they can be suitably selected according to
the purpose.

[0074] For example, absorption spectra can be measured with an ordinarily used photometer, plate reader, or such;
luminescence can be measured with a luminometer or such; and fluorescence can be measured with a fluorometer or
such. The mass can be measured using a mass spectrometer. Radioactivity can be measured using measuring instru-
ments such as a gamma counter according to the type of radiation; fluorescence polarization can be measured using
BEACON (TaKaRa); surface plasmon resonance signals can be measured using BIACORE; time resolved fluorescence,
fluorescence resonance energy transfer, and such can be measured using ARVO or such. Flow cytometers and such
can also be used for the measurements. Regarding these measurement methods, two or more detection indicators may
be measured using one measurement method, and if they are simple, multiple detection indicators can be measured
by performing two or more measurements simultaneously and/or sequentially. For example, fluorescence and fluores-
cence resonance energy transfer can be measured simultaneously on a fluorometer.

[0075] Inthe presentinvention, measurement of agonistic activity can be performed by methods known to those skilled
in the art. For example, as described in the Examples, it is possible to determine by methods that measure the agonistic
activity using cell proliferation as an indicator. More specifically, antibodies whose agonistic activity is to be measured
are added to cells that show agonist-dependent proliferation and the cells are cultured. Then, the absorbance of areagent
such as WST-8, which exhibits a chromogenic reaction at a particular wavelength depending on the number of live cells
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added, is measured, and agonistic activity can be measured using the obtained absorbance as an indicator.

[0076] Cells showing agonist-dependent proliferation can also be generated by methods known to those skilled in the
art, and for example, when the antigen is a receptor emitting cell proliferation signal, cells expressing this receptor can
be used. When the antigen is a receptor that does not emit any cell proliferation signal, a chimeric receptor comprising
the intracellular region of a receptor emitting cell proliferation signal and the extracellular region of a receptor that does
not emit any cell growth signal can be generated, and this chimeric receptor can be expressed in cells. Examples of a
receptor that emits cell proliferation signal include the G-CSF receptor, mpl, neu, GM-CSF receptor, EPO receptor, c-
kit, and FLT-3. Examples of cells to express the receptors include BaF3, NFS60, FDCP-1, FDCP-2, CTLL-2, DA-1, and
KT-3.

[0077] The present invention relates to sc(Fv)2 introduced with site-specific mutations.

[0078] Inthe present invention, the sites where the site-specific mutations are introduced are not particularly limited,
and may be any site in sc(Fv)2, but preferably, they are any of the following sites:

(a) the 48th amino acid in the heavy chain;
(b) the 65th amino acid in the heavy chain;
(c) the 7th amino acid in the light chain;
(d) the 8th amino acid in the light chain;
(e) the 36th amino acid in the light chain;
(f) the 43rd amino acid in the light chain;
(9) the 45th amino acid in the light chain;
(h) the 70th amino acid in the light chain;
(i) the 81 st amino acid in the heavy chain;

(j) the 39th amino acid in the heavy chain; and
(k) the 38th amino acid in the light chain.

[0079] The amino acids after substitution are not particularly limited, and substitution to any amino acid is acceptable,
but preferred examples of amino acids after substitution are the following amino acids:

(a) the 48th amino acid in the heavy chain: isoleucine;

(b) the 65th amino acid in the heavy chain: glycine;

(c) the 7th amino acid in the light chain: serine;

(d) the 8th amino acid in the light chain: proline;

(e) the 36th amino acid in the light chain: phenylalanine;

(f) the 43rd amino acid in the light chain: alanine;

(g) the 45th amino acid in the light chain: arginine;

(h) the 70th amino acid in the light chain: aspartic acid;

(i) the 81 st amino acid in the heavy chain: glutamine;

(j) the 39th amino acid in the heavy chain: glutamic acid or lysine; and
(k) the 38th amino acid in the light chain: glutamic acid or lysine.

[0080] Therefore, examples of a preferred embodiment of the sc(Fv)2 of the present invention include any of the
following sc(Fv)2:

(a) an sc(Fv)2 with the 48th amino acid in the heavy chain substituted;
(b) an sc(Fv)2 with the 65th amino acid in the heavy chain substituted;
(c) an sc(Fv)2 with the 7th amino acid in the light chain is substituted;
(d) an sc(Fv)2 with the 8th amino acid in the light chain substituted;
(e) an sc(Fv)2 with the 36th amino acid in the light chain substituted;
(f) an sc(Fv)2 with the 43rd amino acid in the light chain substituted;
(9) an sc(Fv)2 with the 45th amino acid in the light chain substituted;
(h) an sc(Fv)2 with the 70th amino acid in the light chain substituted;
(i) an sc(Fv)2 with the 81 st amino acid in the heavy chain substituted;
(j) an sc(Fv)2 with the 39th amino acid in the heavy chain substituted; and
(k) an sc(Fv)2 with the 38th amino acid in the light chain substituted.

[0081] Moreover, examples of a more preferred embodiment of the present invention include any of the following sc
(Fv)2:
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(a) an sc(Fv)2 with the 48th amino acid in the heavy chain substituted to isoleucine;

(b) an sc(Fv)2 with the 65th amino acid in the heavy chain substituted to glycine;

(c) an sc(Fv)2 with the 7th amino acid in the light chain substituted to serine;

(d) an sc(Fv)2 with the 8th amino acid in the light chain substituted to proline;

(e) an sc(Fv)2 with the 36th amino acid in the light chain substituted to phenylalanine;

(f) an sc(Fv)2 with the 43rd amino acid in the light chain substituted to alanine;

(g) an sc(Fv)2 with the 45th amino acid in the light chain substituted to arginine;

(h) an sc(Fv)2 with the 70th amino acid in the light chain substituted to aspartic acid;

(i) an sc(Fv)2 with the 81 st amino acid in the heavy chain substituted to glutamine;

(j) an sc(Fv)2 with the 39th amino acid in the heavy chain substituted to glutamic acid or lysine; and
(k) an sc(Fv)2 with the 38th amino acid in the light chain substituted to glutamic acid or lysine.

[0082] Furthermore, the present invention relates to sc(Fv)2 in which specific amino acids are positioned at sites that
affect the stability of sc(Fv)2. Specifically, the present invention relates to any of the following sc(Fv)2:

a)an sc
b) an sc
c) an sc
d) an sc
e) an sc(Fv)2 with phenylalanine as the 36th amino acid in the light chain;

( Fv)2 with isoleucine as the 48th amino acid in the heavy chain;
(
(
(
(
(fy an sc(Fv)2 with alanine as the 43rd amino acid in the light chain;
(
(
(
(
(

Fv)2 with glycine as the 65th amino acid in the heavy chain;
Fv)2 with serine as the 7th amino acid in the light chain;
Fv)2 with proline as the 8th amino acid in the light chain;

P Ly

g) an sc(Fv)2 with arginine as the 45th amino acid in the light chain;

h) an sc(Fv)2 with aspartic acid as the 70th amino acid in the light chain;

i) an sc(Fv)2 with glutamine as the 81 st amino acid in the heavy chain;

j) an sc(Fv)2 with glutamic acid or lysine as the 39th amino acid in the heavy chain; and
k) an sc(Fv)2 with glutamic acid or lysine as the 38th amino acid in the light chain.

[0083] The invention further relates to sc(Fv)2 that have high Tm values.

[0084] Inthe present invention, a high Tm value refers to a Tm value of 55°C or more, preferably 60°C or more, and
more preferably 65°C or more.

[0085] Furthermore, the present invention provides sc(Fv)2, whose Tm value has been increased through introduction
of site-specific amino acid mutations, by 10°C or more, preferably 13°C or more, and more preferably 15°C or more as
compared with the Tm value before introduction of mutations.

[0086] The Tm values used in the present invention are Tm values measured under the same conditions as the
conditions described in the Examples.

[0087] The sc(Fv)2 of the present invention are suitable for use as pharmaceutical compositions because they have
excellent properties such as stability and suppressed aggregation. The sc(Fv)2 of the present invention may be any sc
(Fv)2, and when they are used as pharmaceutical compositions, without being particularly limited thereto, they are
preferably humanized, from the viewpoint of antigenicity against human.

[0088] The present invention relates to pharmaceutical compositions comprising an sc(Fv)2 of the present invention.
Furthermore, the presentinvention relates to kits comprising such a pharmaceutical composition and a pharmaceutically
acceptable carrier.

[0089] The pharmaceutical compositions and kits of the present invention may comprise pharmaceutically acceptable
carriers. Examples of pharmaceuitically acceptable carriers include sterilized water, physiological saline solution, stabi-
lizers, excipients, antioxidants (such as ascorbic acid), buffers (such as phosphoric acid, citric acid, and other organic
acids), antiseptics, surfactants (such as PEG and Tween), chelating agents (such as EDTA), and binders. They may
also comprise other low-molecular-weight polypeptides; proteins such as serum albumin, gelatin, and immunoglobulins;
amino acids such as glycine, glutamine, asparagine, arginine, and lysine; sugars and carbohydrates such as polysac-
charides and monosaccharides; and sugar alcohols such as mannitol and sorbitol. When preparing aqueous solutions
for injection, physiological saline solutions, and isotonic solutions comprising glucose or other adjuvants such as D-
sorbitol, D-mannose, D-mannitol, and sodium chloride, may be used, and these can be used in combination with suitable
solubilizers such as alcohols (for example, ethanol), polyalcohols (such as propylene glycols and PEGs), and non-ionic
surfactants (for example, Polysorbate 80 and HCO-50).

[0090] If necessary, encapsulation into microcapsules (microcapsules made of hydroxymethylcellulose, gelatin, poly
(methylmetacrylate), and such) or preparation into colloidal drug delivery systems (such as liposomes, albumin micro-
spheres, microemulsions, nanoparticles, and nanocapsules) can be carried out (see for example, "Remington’s Phar-
maceutical Science 16th edition”, Oslo Ed. (1980)). Methods for preparing the pharmaceutical agents as sustained-
release pharmaceutical agents are also well known, and such methods may be applied to the present invention (Langer
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et al., J. Biomed. Mater. Res. 1981, 15: 167-277; Langer, Chem. Tech. 1982, 12: 98-105; U.S. Patent No. 3,773,919;
European Patent Application Publication (EP) No. 58,481; Sidman et al., Biopolymers 1983, 22: 547-556; EP 133,988).
[0091] Administration to patients can be oral or parenteral administration, but is preferably parenteral administration.
Theform (dosage form) of the pharmaceutical composition of the present invention is not particularly limited, and examples
of dosage form include injection, nasal administration, pulmonary administration, transdermal administration, freeze-
dried, and solution; and a preferred example is a freeze-dried dosage form.

[0092] Freeze drying can be performed by methods well known to those skilled in the art (Pharm. Biotechnol., 2002,
13, 109-33; Int. J. Pharm. 2000, 203(1-2), 1-60; Pharm. Res. 1997, 14(8), 969-75). For example, a suitable amount of
a solution is dispensed into a container such as a vial used for freeze-drying, and freeze drying is carried out in a freezer
or freeze-dryer, or by immersion in a cooling medium such as acetone/dry ice, liquid nitrogen, or such.

[0093] Processes for making antibody formulations into high-concentration solution formulations can be carried out
by methods well known to those skilled in the art. For example, as described in a Non-Patent Document (J. Pharm. Sc.,
2004, 93(6), 1390-1402), a membrane concentration method using TFF membranes is usually used.

[0094] Examples of injection dosage forms include systemic or local administration by intravenous injection, intramus-
cular injection, intraperitoneal injection, subcutaneous injection, and such. Suitable methods of administration can be
selected according to the age and symptoms of the patient. For example, the dosage for each administration can be
selected within the range of 0.0001 mg to 1000 mg per kilogram of body weight. Alternatively, for example, the dosage
can be selected within the range of 0.001 to 100000 mg/body for each patient. However, the present invention is not
limited to these dosages, administration methods, and such.

[0095] Thepresentinvention relates to methods for producing pharmaceutical compositions comprising sc(Fv)2, which
comprise the steps of: (1) introducing site-specific mutations into sc(Fv)2; and (2) mixing with pharmaceutically acceptable
carriers.

[0096] Examples of pharmaceutically acceptable carriers include those described above.

[0097] The numbering of amino acid sites used in the present invention is based on the method by Kabat et al. (Kabat
EA et al. 1991. Sequence of Proteins of Immunological Interest. NIH).

[0098] All prior art references cited herein are incorporated by reference into this description.

Examples

[0099] Hereinafter, the present invention will be specifically described with reference to the Examples, but it is not to
be construed as being limited thereto.

[Example 1] Generation of humanized anti-human Mpl antibody sc(Fv)2

[0100] The complementarity determining regions (hereinafter, CDRs) of the mouse anti-human Mpl antibody VB22B
were grafted into a highly homologous human antibody framework region (hereinafter, FR) to generate a humanized
VB22B variable region gene. Then, the H chain variable region and the L chain variable region were linked through a
linker to prepare humanized VB22B sc(Fv)2 by the following method. The process for constructing the humanized VB22B
sc(Fv)2 gene is shown in Fig. 18.

[0101] First, genes for the humanized VB22B variable regions were synthesized by assembly PCR. Specifically,
synthetic oligo DNAs of about 50 bases were designed so that approximately 20 bases or so would hybridize, and these
synthetic oligo DNAs were linked by PCR to prepare genes encoding each of the variable regions. Then, assembly PCR
was used to site a nucleotide sequence encoding a linker comprising 15 amino acids (Gly,Ser); between the 3’ end of
the gene encoding the humanized VB22B H-chain variable region and the 5’ end of the gene encoding the humanized
VB22B L-chain variable region. In this construction process, the gene was designed such that the 5’ end of the H chain
comprises an EcoRl site and the nucleotide sequence encoding the 22nd and 23rd amino acids of the H chain is converted
into a Pvull site. Furthermore, the single-chain humanized antibody gene was prepared so that it comprises a nucleotide
sequence encoding a Notl site and if necessary, a FLAG sequence at the 3’ end of the L chain. Next, a fragment to be
inserted into the Pvull site of this single-chain humanized antibody gene was prepared. More specifically, it is a gene
encoding a fragment that has a Pvull recognition sequence on both ends, and an N-terminus-deficient H chain variable
region linked to the L chain variable region via a (Gly4Ser)3-comprising linker, which is further linked to a gene encoding
the N-terminus of the H chain variable region and a nucleotide sequence encoding a (Gly4Ser)3-comprising linker. After
digesting this gene fragment with Pvull, this was inserted into the Pvull site of the above-mentioned single-chain hu-
manized antibody gene to produce a humanized antibody sc(Fv)2 gene. Site-specific amino acid mutations were intro-
duced using a QuikChange Site-Directed Mutagenesis Kit (Stratagene) by following the manufacturer’s protocol. Each
of the completed sc(Fv)2 genes was cloned into the expression vector pCXNDS. The VH amino acid sequence and VL
amino acid sequence of sc(Fv)2 used in the present description are shown in Fig. 19-A, B and Fig. 20-A, B.

[0102] The expression vectors were introduced into CHO-DG44 cells by electroporation, and the cells were added to
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CHO-S-SFMII medium (Invitrogen) containing 500 ng/mL Geneticin (Invitrogen) and selected to establish CHO expres-
sion cell lines. Culture supernatants of these stable expression cell lines were prepared and adsorbed onto an Anti-Flag
M2 Affinity Gel (SIGMA-ALDRICH) column equilibrated with 50 mM Tris-HCI (pH 7.4), 150 mM NacCl, and 0.05% Tween20,
or in the case of hon-Flag tagged sc(Fv)2, onto a column immobilized with the epitope MG 10 (a fusion protein with GST
of a 19 mer peptide comprising GIn213 to Ala 231 of human Mpl). Then, elution was carried out using 100 mM Glycine-
HCI (pH 3.5). The eluted fractions were immediately neutralized with 1 M Tris-HCI (pH 8.0), and subjected-to gel filtration
chromatography using a HiLoad 26/60 Superdex 200 pg (Amersham-Bioscience) column.

[Example 2] Evaluation of the TPO-like agonistic activity of the site-specific mutants of humanized VB22B sc(Fv)2

[0103] The TPO-like agonistic activity of hVB22B g-e sc{Fv)2 (the nucleotide sequence is SEQ ID NO: 1, and the
amino acid sequence is SEQ ID NO: 2), which is a humanized sc(Fv)2 of anti-Mpl antibody, and those of hVB22B u2-
wz4 sc(Fv)2 (the nucleotide sequence is SEQ ID NO: 3, and the amino acid sequence is SEQ ID NO: 4) and hvB22B
g-wz5 sc(Fv)2 (the nucleotide sequence is SEQ ID NO: 5, and the amino acid sequence is SEQ ID NO: 6), which are
hVB22B g-e sc(Fv)2 into which site-directed mutations have been introduced, were evaluated using BaF-human Mpl
cells which show TPO-dependent proliferation. Cells were washed twice with RPMI1640 containing 1% Fetal Bovine
Serum (Invitrogen), then suspended at 4x 105 cells/ml in RPMI 1640 containing 10% Fetal Bovine Serum, and this was
aliquoted into 96-well plates at 60pl/well. A 40-pL aliquot of rhTPO (R&D) and purified samples prepared at various
concentrations was added into each well, and these were incubated at 37 ° C under 5% CQ, for 24 hours. WST-8 reagent
(Cell Count Reagent SF, Nacalai Tesque) was added at 10-plL/well, and the absorbance at 450 nm (655 nm for the
control) was measured using Benchmark Plus immediately after. Absorbance at 450 nm (655 nm for the control) was
again measured after two hours of incubation. Since the WST-8 reagent gives a chromogenic reaction at 450 nm in
accordance with the viable cell number, TPO-like agonistic activities were evaluated using the change in the absorbance
during the two hours as an indicator.

[0104] As aresult, as shownin Figs. 1, 2, and 3, site-specific mutants of humanized VB22B sc(Fv)2 showed an activity
similar to hVB22B g-e sc(Fv)2 before introduction of the mutations and mouse VB22B sc(Fv)2.

[Example 3] Measurement of Tm values of the site-specific mutants of humanized VB22B sc(Fv)2

[0105] Tm values (denaturation midpointtemperatures) were measured using Differential Scanning Calorimetry (DSC)
(N-DSC I, Applied Thermodynamics) for hVB22B g-e sc(Fv)2, as well as for hVB22B u2-wz4 sc(Fv)2 and hVB22B g-
wz5 sc(Fv)2, which are hVB22B g-e sc(Fv)2 introduced with site-directed mutations. Each sc(Fv)2 was sufficiently
dialyzed against 20 mM sodium citrate and 300 mM sodium chloride (pH 7.0), then the concentrations were adjusted to
44 4 ng/mL, denaturation curves were measured using DSC at a scanning speed of 1°C/min, and Tm values were
calculated using the attached analytical software.

[0106] As aresult, DSC curves as those shown in Fig. 4 were obtained, and the Tm values were 53.4°C for hVB22B
g-e sc(Fv)2; 66.7°C for hVB22B u2wz4 sc(Fv)2; and 68.9°C for hVB22B qwz5 sc(Fv)2. By modifying the amino acids
of hVB22B g-e sc(Fv)2 to improve its stability, hVB22B u2-wz4 sc(Fv)2 whose Tm value increased by 13.3°C and
hVB22B q-wz5 sc(Fv)2 whose Tm value increased by 15.5°C were obtained. So far there are no reports on the Tm
value of sc(Fv)2, or on increasing the Tm value through amino acid modification of sc(Fv)2. As indicated in Example 2,
since the agonistic activity was the same before and after amino acid modification, the present inventors succeeded in
considerably increasing the Tm value of sc(Fv)2 through amino acid modification without inhibiting antibody function.

[Example 4] Changes in the stability of sc(Fv)2 through introduction of site-specific mutations

[0107] Each sc(Fv)2 was sufficiently dialyzed against 20 mM sodium citrate and 300 mM sodium chloride (pH 7.5),
then the concentrations were adjusted to 0.1 mg/mL, and thermal acceleration tests were carried out. The conditions
for thermal acceleration are as shown on the horizontal axis of the following Figures. The monomer area was determined
by gelfiltration chromatography (SEC), and the stability of sc(Fv)2 was evaluated from the change in the ratio of residual
monomers over time under each of the thermal acceleration conditions.

[0108] The ratio of residual monomers was calculated from "SEC monomer area of the thermal acceleration sample
/ SEC monomer area of the sample under initial conditions x 100". An increase of the ratio of residual monomers in the
thermal acceleration test means improved stability.

[0109] The following amino acid modifications are those reported to have stabilizing effects for scFv, but nevertheless,
similar amino acid modifications in sc(Fv)2 did not show any stabilizing effect and instead showed destabilization.

(1) H37 lle—Val [hVB22B v-e sc(Fv)2 (the nucleotide sequence is SEQ ID NO: 7, and the amino acid sequence is
SEQ ID NO: 8) -hVB22B p-e sc(Fv)2 (the nucleotide sequence is SEQ ID NO: 9 and the amino acid sequence is
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SEQ ID NO: 10), Fig. 5]

The VH of humanized VB22B is classified into the VH1 subclass and H37 is positioned at the VH/VL interface which
plays an important role in stability (J. Mol. Biol. 2001, 305, 989-1010). Since the canonical residue of H37 in the
VH1 subclass is Val, modifying H37 from lle to Val was considered to stabilize the VH/VL interface and improve
stability. In fact, in a non-patentdocument (J. Immunol. Methods, 2003, 275, 31-40), stability is improved by modifying
H37 from Met to the canonical residue Val. However, it was revealed that this leads to instead destabilization in sc
(Fv)2 (Fig. 5).

(2) H2 Pro—Ala [hVB22B g-wz sc(Fv)2 (the nucleotide sequence is SEQ ID NO: 11, and the amino acid sequence
is SEQ ID NO: 12) —» hVB22B g2-wz sc(Fv)2 (the nucleotide sequence is SEQ ID NO: 13, and the amino acid
sequence is SEQ ID NO: 14), Fig: 6]

The VH of humanized VB22B is classified into the VH1 subclass, and according to the structure classification
described in a non-patent document (J. Mol. Biol. 2001, 309, 687-699), it is classified into type Ill. The canonical
residue of H9 in VH1 is Ala, and according to a non-patent document (J. Mol. Biol. 2001, 309, 701-716), it is known
that in all combinations, H9 is more stable as Ala or Gly than as Pro. Therefore, it was thought that stabilization
would be accomplished by modifying the H9 of hVB22B g-wz sc(Fv)2 from Pro to Ala which is the canonical residue
of type Ill. However, this was found to instead destabilize sc(Fv)2 (Fig. 6).

(3) H9 Pro—Ser [hVB22B g-a sc(Fv)2 (the nucleotide sequence is SEQ ID NO: 15, and the amino acid sequence
is SEQID NO: 16) —» hVB22B h-a sc(Fv)2 (the nucleotide sequence is SEQ ID NO: 17, and the amino acid sequence
is SEQ ID NO: 18), Fig. 7]

A non-patent document (Protein Eng. 1997, 10(4), 435-444) has reported that in scFv, thermal stability increases
by modifying hydrophobic amino acids at the V/C interface to hydrophilic amino acids. Since H9 is positioned at the
V/C interface, substitution of the hydrophobic amino acid Pro to the hydrophilic amino acid Ser was thought to lead
to stabilization. However, this was found to destabilize sc(Fv)2 instead (Fig. 7).

(4) L37 Leu—GiIn [hVB22B g-wz3 sc(Fv)2 (the nucleotide sequence is SEQ ID NO: 19, and the amino acid sequence
is SEQ ID NO: 20) —» hVB22B g-wz sc(Fv)2 (the nucleotide sequence is SEQ ID NO: 11, and the amino acid
sequence is SEQ ID NO: 12), Fig. 8]

It is indicated in a non-patent document (J. Mol. Biol. 2003, 325, 531-553) that a salt bridge in the VL domain is
important for stability, and when L45 is Leu, hydrogen bonds between side chains are not formed and this leads to
destabilization. Since L37 of hVB22B g-wz3 sc(Fv)2 is Leu which does not form hydrogen bonds, modification of
L37 to GiIn was thought to lead to formation of a hydrogen bond network and stabilization. However, this was found
to destabilize sc(Fv)2 instead (Fig. 8).

Next, amino acid modifications that were reported to have stabilizing effects in scFv and also found to have stabilizing
effects in sc(Fv)2 are described.

(5) L8 Ala—Pro [hVB22B p-z sc(Fv)2 (the nucleotide sequence is SEQ ID NO: 21, and the amino acid sequence is
SEQID NO: 22) - hVB22B p-wz sc(Fv)2 (the nucleotide sequence is SEQ ID NO: 23, and the amino acid sequence
is SEQ ID NO: 24), Fig. 9]

L8 is a site in the sequence that has a highly conserved cis-proline structure, and the presence of the cis-proline
structure is known to contribute significantly to stability (J. Mol. Biol. 2001, 305, 989-1010). In fact, it is reported in
a non-patent document (J. Mol. Biol. 1998, 283, 395-407) that when the L8 of scFv is Pro, this leads to stabilization.
Since L8 was Ala in hVB22B p-z sc(Fv)2, when amino acid modification to Pro was performed, a stabilizing effect
was observed (Fig. 9).

(6) H65 Val—>Gly [hVB22B g-a sc(Fv)2 (the nucleotide sequence is SEQ ID NO: 15, and the amino acid sequence
is SEQID NO: 16) —» hVB22B j-a sc(Fv)2 (the nucleotide sequence is SEQ ID NO: 27, and the amino acid sequence
is SEQ ID NO: 28), Fig. 10]

H65 is known to have a conserved positive ¢ angle because of the structure of the antibody, and it is reported that
H65 is stable as Gly which can form a positive ¢ angle (J. Mol. Biol. 2001, 305, 989-1010). In fact, it is reported in
a non-patent document (Biochemistry, 2003, 42(6), 1517-1528) that making H65 ofscFv from Ser to Gly leads to
stabilization. Since H65 of hVB22B g-a sc(Fv)2 was Val, when this was modified to Gly, a stabilizing effect was
observed (Fig. 10).

(7) LA3 Ser—Ala, L45 Gin—Arg [hWB22B g-wz sc(FVv)2 (the nucleotide sequence is SEQ ID NO: 11, and the amino
acid sequence is SEQ ID NO: 12) — hVB22B g-wz5 sc(Fv)2 (the nucleotide sequence is SEQ ID NO: 5, and the
amino acid sequence is SEQ ID NO: 6), Fig. 11]

L45 is positioned at the core stabilized by charge interactions (charge core) present within the antibody, and it has
been reported that this charge core influences the stability of scFv (J. Mol. Biol. 2003, 325, 531-553). However,
there are no reports that directly showed the influence of two sites, L43 and L45, on stability. Therefore, when L43
and L45 of hVB22B g-wz sc(Fv)2 were modified to Ala and Arg, respectively, a stabilizing effect was observed (Fig.
11).

Furthermore, amino acid modifications whose stabilization effects have not been reported in scFv but were found
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to have stabilizing effects in sc(Fv)2 are described.

(8) L36 Tyr—>Phe [hVB22B p-w sc(Fv)2 (the nucleotide sequence is SEQ ID NO: 29, and the amino acid sequence
is SEQ ID NO: 30) — hVB22B p-wz sc(Fv)2 (the nucleotide sequence is SEQ ID NO: 23, and the amino acid
sequence is SEQ ID NO: 24), Fig. 12]

L36 is positioned at the VH/VL interface, but it is a site for which the influence on stability has not so far been
examined even in scFv. In all subclasses, the canonical residue of L36 is Tyr. However, the hydrogen-bond partner
for the hydroxyl group of Tyr at L36 is absent, and since hydroxyl groups in the inside which cannot form hydrogen
bonds contribute to destabilization, amino acid modification from Tyr to Phe was carried out. Modification to Phe
showed a stabilizing effect (Fig. 12).

(9) L70 Ala—Asp [hVB22B g-wz sc(Fv)2 (the nucleotide sequence is SEQ ID NO: 11, and the amino acid sequence
is SEQ ID NO: 12) — hVB22B g-wz2 sc(Fv)2 (the nucleotide sequence is SEQ ID NO: 35, and the amino acid
sequence is SEQ ID NO: 36), Fig. 13]

L70 is positioned on the surface of the molecule, but it is a site for which the influence on stability has not so far
been examined even in scFv. Modification of L70 from Ala to Asp improved stability.

(10) L7 Ala—Ser [hVB22B i-a-sc(Fv)2 (the nucleotide sequence is SEQ ID NO: 25, and the amino acid sequence
is SEQID NO: 26) —» hVB22B i-e sc(Fv)2 (the nucleotide sequence is SEQ ID NO: 31, and the amino acid sequence
is SEQ ID NO: 32), Fig. 14]

L7 is positioned on the surface of the molecule, but it is a site for which the influence on stability has not so far been
examined even in scFv. Modification of L7 from Ala to Ser improved stability.

(11) H81 GIn—>Glu [hVB22B i-a sc(Fv)2 (the nucleotide sequence is SEQ ID NO: 25, and the amino acid sequence
is SEQ ID NO: 26) —» hVB22B g-a sc(Fv)2 (the nucleotide sequence is SEQ ID NO: 15, and the amino acid sequence
is SEQ ID NO: 16), Fig. 15] or H81 Arg—Gilu [hVB22B u2-wz4 sc(Fv)2 (the nucleotide sequence is SEQ ID NO: 3,
and the amino acid sequence is SEQ ID NO: 4) — hVB22B g-wz4 sc(Fv)2 (the nucleotide sequence is SEQ ID NO:
33, and the amino acid sequence is SEQ ID NO: 34), Fig. 16]

H81 is an amino acid exposed on the surface, and so far, its influence on stability has not been reported even in
scFv. It has been reported in a non-patent document (J. Mol. Biol. 2003, 325, 531-553) that the VH3 subclass shows
higher stability compared to the VH1 subclass. It has also been reported in a non-patent document (Biochemistry,
2003, 42, 1517-1528) that, in an examination using scFv, stability is improved by modifying the amino acid so that
it becomes a canonical residue of the VH3 subclass, and the canonical residue of H81 in the VH3 subclass is Gin.
However, in sc(Fv)2, modification of H81 from Gin, which is a canonical residue in the VH3 subclass, to Glu improved
stability.

(12) H48 Met—lle [hVB22B p-wz sc(Fv)2 (the nuclectide sequence is SEQ |ID NO: 23, and the amino acid sequence
is SEQ ID NO: 24) — hVB22B g-wz sc(Fv)2 (the nucleotide sequence is SEQ ID NO: 11, and the amino acid
sequence is SEQ ID NO: 12), Fig. 17]

There are no reports so far on the influence of H48 on stability even in scFv. The VH1 subclass canonical residue
is Met, but stability was improved by modifying H48 from Met to lle (Fig. 17).

[0110] From the above results, it was found that amino acid modifications reported to improve stability in scFv do not
necessarily have stabilizing effects in sc(Fv)2 (the mutants of (1)-(4)). This was thought so because the overall three
dimensional structures of scFv and sc(Fv)2 are widely different, and the sequence sites that can contribute to stabilization
are different in scFv and sc(Fv)2. From these modifications, the present inventors discovered sequence sites that can
increase the stability in sc(Fv)2, and stable sequences (the mutants of(5)-(7)). Furthermore, the effects of amino acid
modification in sc(Fv)2 at sites for which the influence on stability had not so far been reported in scFv were examined.
As a result, sequence sites that improve stability were newly discovered (the mutants of (8)-(12)).

[Example 5] Generation of sc(Fv)2 with modified VH/VL interface

[0111] Gin on site 39 of VH (site 39 in the amino acid sequence of SEQ ID NO: 289 of WO2005/56604) and Gln on
site 38 of VL (site 43 in the amino acid sequence of SEQ ID NO: 291 of WO2005/56604), which are amino acids forming
the VH/VL interface of hVB22B u2-wz4 sc(Fv)2 (hereinafter, denoted as u2-wz4; the nucleotide sequence is SEQ ID
NO: 3, and the amino acid sequence is SEQ ID NO: 4) used in Example 4, were modified as follows. u2-wz4 is linked
in the order of [VH1]-linker-[VL2]-linker-[VH3]-linker-[VL4] with an amino acid linker sequence (GlyGlyGlyGlySer)x3
(SEQ ID NO: 37), and is transcribed and translated from the nucleotide sequence of SEQ ID NO: 3. First, the hVB22B
u2-wz4(v1) sc(Fv)2 gene (hereinafter denoted as v1; the nucleotide sequence is SEQ ID NO: 38, and the amino acid
sequence is SEQ ID NO: 39) was produced with Gin on site 39 of VH1 (genetic codon: CAG) modified to Glu (genetic
codon: GAG), Gin on site 38 of VL2 (genetic codon: CAG) modified to Glu (genetic codon: GAG), Gin on site 39 of VH3
(genetic codon: CAG) modified to Lys (genetic codon: AAG), and Gin on site 38 of VL4 (genetic codon: CAG) modified
to Lys (genetic codon: AAG). Furthermore, the hVB22B u2-wz4(v3) sc(Fv)2 gene (hereinafter denoted as v3; the nu-
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cleotide sequence is SEQ ID NO: 40, and the amino acid sequence is SEQ ID NO: 41) was produced with GiIn on site
39 of VH1 (genetic codon: CAG) modified to Glu (genetic codon: GAG), Gln on site 38 of VL2 (genetic codon: CAG)
modified to Lys (genetic codon: AAG), GIn on site 39 ofVH3 (genetic codon: CAG) modified to Lys (genetic codon: AAG),
and Gin on site 38 of VL4 (genetic codon: CAG) modified to Glu (genetic codon: GAG). Gene modification involved
introducing point mutations using a QuikChange Site-Directed Mutagenesis Kit (STRATAGENE) by following the man-
ufacturer’s protocol. After confirming the nucleotide sequences of each of the genes, the DNA fragments were cloned
into the expression vector pPCXND3 to construct expression vectors, and stable expression cell lines were generated by
introducing the genes into CHO-DGA44 cells. Specifically, a mixture of the expression vector (20 ng) and 0.75 mL of
CHO-DG44 cells suspended in PBS (1 x 107 cells/mL) was cooled on ice for ten minutes and transferred to a cuvette,
then a pulse was applied at 1.5 kV and a capacitance of 25 wFD using Gene Pulser Xcell (BioRad). After a recovery
period of ten minutes at room temperature, cells subjected to electroporation treatment were added into CHO-S-SFMI|
medium (Invitrogen) containing 500 ng/mL Geneticin (Invitrogen) and selected. A v1-producing CHO cell line and a v3-
producing CHO cell line were established.

[0112] Since the VH/VL interface-modified sc(Fv)2s do not have an added Flag tag, purification from the culture
supernatant was carried out using an MG10-GST fusion protein. MG10 (GIn213 to Ala231 of the amino acid sequence
of human Mpl) is an epitope recognized by VB22Bsc(Fv)2. The MG10-GST fusion protein was purified using Glutathione
Sepharose 4B (Amersham Biosciences) according to the manufacturer’s protocol. Further, the purified MG10-GST fusion
protein was immobilized onto HiTrap NHS-activated HP (Amersham Biosciences) according to the manufacturer’s pro-
tocol to prepare an affinity column. The culture supernatant of the v1-expressing CHO cell line or v3-expressing CHO
cell line was applied to the MG10-GST fusion protein-immobilized column to adsorb v1 or v3, which were then eluted
using 100 mM Gilycine-HCI (pH 3.5), 0.01% Tween 80. The eluted fractions were immediately neutralized with 1 M Tris-
HCI (pH7.4), and the monomeric molecules were purified by gel filtration chromatography using HiLoad 16/60 Superdex
200 pg (Amersham Biosciences). 20 mM citrate buffer (pH7.5) with 300 mM NaCl and 0.01% Tween 80 was used as a
buffer for the gel filtration chromatography. The results of gel filtration chromatography shown in Fig. 21 revealed that
dimers and larger aggregates in the culture supernatant decreasedforvariants vl andv3, and the proportion of monomers
increased from 59% for u2-wz4 before modification to 89% for v1 and 77% for v3. It is speculated that modification of
amino acids at the VH/VL interface inhibited unfavorable associations through charge repulsion and promoted favorable
association in variants v1 and v3. Accordingly, efficient expression of monomeric molecules was successfully accom-
plished by this association regulation.

[Example 6] Evaluation of the stability of VH/VL interface-modified sc(Fv)2

[0113] To evaluate the stability of u2-wz4-purified peak 1, u2-wz4-purified peak 2, variant v1, and variant v3, the
denaturation midpoint temperature (Tm value) was measured using differential scanning calorimetry under the following
conditions:

DSC: N-DSCII (Applied Thermodynamics)

Solution conditions: 20 mM sodium citrate, 300 mM NacCl, pH7.0
Protein concentration: 0.1 mg/mL

Scanning speed: 1°Cminute

[0114] The results of each DSC measurement are shown in Fig. 22. The Tm values for u2-wz4-purified peak 2 and
variant v1 were nearly the same as the unmodified form, and their stabilities were found to be the same. Between u2-
wz4-purified peak 1 and variant v3, variant v3 showed a slightly lower stability. It has been reported that through regulation
of interface by methods using the knobs-into-hole technique, for example, in the heterologous association of IgG CH3
domains, the Tm value for the unmodified CH3 domain was 80.4°C, whereas the Tm value for the modified CH3 domain
was 69.4°C, thus the Tm value significantly decreased and stability decreased. In contrast, in the present invention, it
was confirmed that aggregation can be regulated without decreasing stability.

[0115] Next, stability was evaluated by thermal acceleration tests under the following conditions for u2-wz4-purified
peak 1 and u2-wz4-purified peak 2, as well as for the VH/VL interface-modified variants v1 and v3.

<Thermal acceleration conditions>

[0116] Solution conditions: 20 mM sodium citrate, pH 6.0

Protein concentration: 0.25 mg/mL

Acceleration conditions: 40°C - 6 days, 12 days

[0117] The thermal acceleration samples were analyzed by gel filtration chromatography and cation exchange chro-
matography under the following conditions.
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[0118] As shown in Fig. 23, the results of gel filtration chromatography analysis confirmed that the ratio of residual
monomers is nearly the same for u2-wz4-purified peak 2 and variant v1, and the stability against aggregation was nearly
the same. The ratio of residual monomers was also nearly the same for u2-wz4-purified peak 1 and variant v3, and the
stability against aggregation was nearly the same for both conformational isomers.

[0119] For VH/VL-interface regulation for obtaining a single chain antibody having the conformation of interest, a
method which regulates the conformation of bispecific diabodies using the knobs-into-holes technique (Protein Sci. 1997
Apr; 6(4):781-8, Remodeling domain interfaces to enhance heterodimer formation, Zhu Z, Presta LG, Zapata G, Carter
P) is known. It was reported that this method increased the percentage of formation of the heterodimeric conformation
of interest from 72% to 92% by modifying amino acids at a total of four sites per VH/VL interface. In contrast, the present
invention succeeded in obtaining the conformation of interest at a percentage of 100%, without lowering the thermal
stability or stability of conformational isomers, by modifying amino acids at four sites.

Industrial Applicability

[0120] By introducing site-specific mutations into sc(Fv)2 or by positioning specific amino acids at specific sites, the
aggregation reaction of sc(Fv)2 was suppressed, and it became possible to keep sc(Fv)2 in their monomeric state. To
develop antibodies as pharmaceuticals, it is necessary to stably maintain each antibody molecule and to suppress
association reactions during storage of formulation to a minimum. Since introduction of the site-specific mutations of the
present invention can stabilize sc(Fv)2 in the production storage stage and suppress aggregation reactions, it is con-
sidered to be very useful when producing minibody formulations.

[0121] Inpharmaceutical compositions comprising sc(Fv)2 that are stabilized by the methods of the present invention,
since degeneration and association of antibody molecules are suppressed, the decrease in activity due to aggregation
is suppressed compared to conventional sc(Fv)2 formulations; thus, these pharmaceutical compositions are expected
to maintain potent activity.
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<220>
<223>

<400>
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PatentIn version 3.3

1

1572

DNA
Artificial

an artificially synthesized nucleotide sequence

1

atggactgga cctggaggtt cotectttetg gtggcagecag ctacaggtgt

gtgcagetgg tgcagtctge acctgagegtg aagaagcctg gggcctcagt

tgcaaggcett ctggatacac cttcaccaac tcctggatga actgggtegag

ggaaageggte ttgagtggegt tggacggatt tatcctggag atggagaaac

gggaaattca gggtcagagt cacgattacc geggacgaat ccacgageac

20

ccagtcccag

gaaggtctcco

gcagaggecet

tatctacaat

agcctacatg

60

120

180

240

300
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gagctgagca

gattactcgt

ggatccggag

ctctcecectge

ctcctgcata

ccacagctce

ggcagtggat

gggetttatt

ctggaaatca

gtgcagetegg

tgcaaggett

ggaaagggtc

ggegaaattca

gagctgagca

gattactcgt

ggatccggag

ctctecectge

ctcctgeata

gecctgagate

ttgcttactg

gtggtggate

ccgtcacccce

gtaatggcasa

tgatctatcg

caggcacasgc

actgcatgca

aaggaggteg

tgcagtcetgg

ctggatacac

ttgagtgeget

gggtcagagt

gecctgagate

ttgcttactg

gtagtggatc

ccgtcacccece

gtaatggcaa

tgaggacacg

gggccagegega

ggetegetgea

tggagagecg

cacttacttg

gatgtccaac

ttttacactg

acatatagaa

tggatcgggt

acctgaggteg

cttcaccaac

tggacggatt

cacgattacc

tgaggacacg

gggcecaggga

gegtggtegea

tegagageeg

cacttacttg

EP 1 900 814 A1

gecgtgtatt

accacggtca

ggatcggata

gectecatet

tattggtace

cttgccteag

aaaatcagca

tatcectttta

ggtgetegtt

aagaagcctg

tccteggatga

tatcctggag

geggacgaat

gcegtgtatt

accacggtca

ggatcggata

goctccatet

tattggtace

21

actgtegcegag

ccgtetette

ttgtgatgac

cctgecagete

tgcagaagcec

ggetccectega

gagtggaggc

cgttcggcca

[:4:4:4:] 4:4ej:4:4

gggcctecagt

actgeggtgag

atggagaaac

ccacgagcac

actgtgcecgag

cecgtetectte

ttgtgatgac

cctgeaggtc

tgcagaagcec

aggctatgat

aggtgetegt

tcagtctgea

tagtaagagt

agggcagtct

caggttcagt

tgaggatgtt

agggaccaaa

tgegatcgeag

gaaggtctcc

gcagaggecet

tatctacaat

agcctacatg

aggctatgat

aggtggtget

tcagtctegca

tagtaagagt

agggecagtet

360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200.
1260
1320

1380
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ccacagetece tgatctatcg gatgtccaac cttgectcag gggtecctga caggttcagt

ggcagtggat caggcacagc ttttacactg aaaatcagca gagtggaggc tgaggatgtt

geggegtttatt actgcatgea acatatagaa tatcctttta cgttcggcca agggaccaaa

ctggaaatca aa

210> 2

<211> 524

<212> PRT

<213> Artificial

220>
{223> an artificially synthesized peptide sequence

<400> 2
Met Asp Trp Thr Trp Arg Phe Leu Phe Val Val Ala Ala Ala Thr Gly
1 5 10 15

Val Gln Ser Gin Val GIn Leu Val Gin Ser Giy Pro Glu Val Lys Lys
20 25 30

Pro Gly Ala Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe
35 40 45

Thr Asn Ser Trp Met Asn Trp Val Arg Gin Arg Pro Gly Lys Gly Leu
50 55 60

Glu Trp Val Gly Arg lle Tyr Pro Gly Asp Gly Glu Thr lle Tyr Asn
65 70 75 80

Gly Lys Phe Arg Val Arg Val Thr lle Thr Ala Asp Glu Ser Thr Ser
85 90 95

22

1440

1500

1560
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Thr

Tyr

GIn

Gly

145

Leu

Ser

Tyr

Ser

Giy

225

Gly

Gin

Gly

Ala

Tyr

Gly

130

Gly

Ser

Ser

Leu

Asn

210

Thr

Val

Gly

Ser

Tyr

Cys

115

Thr

Ser

Leu

Lys

Gln

195

Leu

Ala

Tyr

Thr

Gly
275

Met

100

Ala

Thr

Gly

Pro

Ser

180

Lys

Ala

Phe

Tyr

Lys

260

Gly

Glu

Arg

Val

Gly

Val

165

Leu

Pro

Ser

Thr

Cys

245

Leu

Gly

Leu

Gly

Thr

Gly

150

Thr

Leu

Gly

Gly

Leu

230

Met

Glu

Gly

Ser

Tyr

Val

135

Gly

Pro

His

Gln

Val

215

Lys

Gln

lle

Ser

Ser

Asp

120

Ser

Ser

Gly

Ser

Ser

200

Pro

I'le

His

Lys

GlIn
280

EP 1 900 814 A1

Leu

105

Asp

Ser

Asp

Glu

Asn

185

Pro

Asp

Ser

lie

Gly

265

Val

Arg

Tyr

Gly

lle

Pro

170

Gly

Gin

Arg

Arg

Glu

250

Gly

Gin

Ser

Ser

Gly

Val

155

Ala

Asn

Leu

Phe

Val

235

Tyr

Gly

Leu

23

Glu

Phe

Gly

140

Met

Ser

Thr

Leu

Ser

220

Glu

Pro

Gly

Val

Asp

Ala

125

Gly

Thr

lle

Tyr

Ile

205

Gly

Ala

Phe

Ser

Glin
285

Thr

110

Tyr

Ser

Gln

Ser

Leu

190

Tyr

Ser

Glu

Thr

Gly

270

Ser

Ala

Trp

Gly

Ser

Cys

175

Tyr

Arg

Gly

Asp

Phe

255

Gly

Gly

Val

Gly

Gly

Ala

160

Arg

Trp

Met

Ser

Val

240

Gly

Gly

Pro
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Glu

Gly

305

Gly

Thr

Glu

Asp

Ala

385

Gly

Thr

lle

Tyr

lle

465

Val

290

Tyr

Lys

lle

Ser

Thr

370

Tyr

Ser

Gln

Ser

Leu

450

Tyr

Lys

Thr

Gly

Tyr

Thr

355

Ala

Trp

Gly

Ser

Cys

435

Tyr

Arg

Lys

Phe

Leu

Asn

340

Ser

Val

Gly

Gly

Ala

420

Arg

Trp

Met

Pro

Thr

Glu

325

Gly

Thr

Tyr

Gin

Gly

405

Leu

Ser

Tyr

Ser

Gly

Asn

310

Trp

Lys

Ala

Tyr

Gly

390

Gly

Ser

Ser

Leu

Asn

470

Ala

295

Ser

Val

Phe

Tyr

Cys

375

Thr

Ser

Leu

Lys

Gln

455

Leu

EP 1 900 814 A1

Ser

Trp

Gly

Arg

Met

360

Ala

Thr

Gly

Pro

Ser

440

Lys

Ala

Val

Met

Arg

Val

345

Glu

Arg

Val

Gly

Val

425

Leu

Pro

Ser

Lys

Asn

lle

330

Arg

Leu

Gly

Thr

Gly

410

Thr

Leu

Gly

Gly

Val

Trp

315

Tyr

Val

Ser

Tyr

Val

395

Gly

Pro

His

GIn

val
475

24

Ser Cys

300

Val Arg

Pro Gly

Thr lle

Lys

Gln

Asp

Thr
350

Ala
Arg
Gly

335

Ala

Ser Leu Arg Ser

365

Asp Asp
380

Ser Ser

Ser Asp

Gly Glu

Ser Asn
445

Ser Pro

460

Pro Asp

Tyr

Gly

[le

Pro

430

Gly

Gln

Arg

Ser

Gly

Val

415

Ala

Asn

Leu

Phe

Ser

Pro

320

Glu

Asp

Glu

Phe

Gly

400

Met

Ser

Thr

Leu

Ser
480
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Gly Ser Gly Ser Gly Thr Ala Phe Thr Leu Lys lle Ser Arg Val Glu

485

490

495

Ala Glu Asp Val Gly Val Tyr Tyr Cys Met GIn His lle Giu Tyr Pro
510

500

505

Phe Thr Phe Gly Gin Gly Thr Lys Leu Glu |le Lys

<2100
211>
{212>
{213>

<220>
<223>

<400>

atggactgga

gtgcagetegs

tgcaaggeott

ggaaagggte

gggaaattea

caactgagca

gattactegt

ggatccggag

515

3

1572

DNA
Artificial

520

an artificially synthesized nucleotide seqguence

3

cctggaggtt

tgcagtctgg

ctggatacac

ttgagtggat

geggtcagagt

gcectgagatce

ttgettactg

gtggtggatc

cotectttgte

acctgagetse

cttcaccaac

tggacggatt

cacgattacc

tgaggacacg

gggccaggega

ggegtggtgga

gteggcageag

aagaagcectg

tecteggatga

tatcctggag

geggacgaat

gecegtgtatt

accacggtca

ggatcggata

25

ctacaggtgt
éggcctcagt
actggegteag
atggagaaac
ccacgagcac
actgtgcgag
ccgtetette

ttgtegatgac

ccagtcccag

gaaggtctce

gcagaggcct

tatctacaat

agcctacatg

aggctatgat

aggtgeteggt

tcagtctecca

60

120

180

240

300

360

420

480
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ctetecectge
ctcctgecata
ccacagetce
ggcagteggat
gegggtttatt
ctggaaatca
gtgcagetgg
tgecaaggett
ggaaagggtc
gegaaattca
caactgagca
gattactcgt
ggatccggag
ctectecctee
ctectgeata
ccacagctcc
gecagtggat

gggetttatt

ccgtecaccce

gtaatggcaa

tgatctatcg

caggcacaga

actgecatgea

aaggaggteg

tgcagtctgeg

ctggatacac

ttgagtggat

gggtcagagt

gectgagate

ttegcttacte

gtggtggate

ccgtcaccee

gtaatggcaa

tgatctatceg

caggcacaga

actgcatgca

tggagagcceg

cacttacttg

gatgtccaac

ttttacactg

acatatagaa

tggatcgeget

acctgagegteg

cttcaccaac

tggacggatt

cacgattacc

tgaggacacg

gggccagega

geggtegtega

teggagagecg

cacttacttg

gatgtccaac

ttttacactg

acatatagaa

gectcocatet

tattggttce

cttgcctcag

aaaatcagca

tatcctttta

getggtggtt

aagaagccte

tcectggatega

tatcctegag

goggacgaat

geecgtgtatt

accacggtca

ggatcggata

gectecatet

tattggttcec

cttgcctcag

aaaatcagca

tatcctttta

26

EP 1 900 814 A1

cctgcaggtce

tgcagaagece

gggtecetga

gagtggagec

cgttcggececa

CEEEAgECES

geggcctecagt

actgggteag

atggagaaac

ccacgagcac

actgtgcgag

ccgtetettic

ttgtegatgac

cctgecagete

tgcagaagce

gggteccctga

gagtggaggc

cgttcggeca

tagtaagagt

agggcagtet

caggttcagt

tgaggatgtt

agggaccaaa

tggatcgcag

gaaggtctcc

gcagaggcect

tatctacaat

agcctacatg

aggctatgat

aggtgegtegt

tcagtctccea

tagtaagagt

agggocagtct

caggttcagt

tgaggatgtt

agggaccaaa

540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500

1560
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ctggaaatca aa

<210> 4

<211> 524
<212> PRT
<213

<220>
223>

<400> 4

Met Asp Trp

1

Val GlIn Ser

Pro Gly Ala

35

Thr Asn Ser
50

Glu Trp lle
65

Gly Lys Phe

Thr Ala Tyr

Tyr Tyr Cys
115

Thr

Gln

20

Ser

Trp

Gly

Arg

Met

100

Ala

Artificial

Trp

Val

Val

Met

Arg

Val

85

Glin

Arg

Arg

Gin

Lys

Asn

Ile

70

Arg

Leu

Gly

Phe

Leu

Val

Trp

55

Tyr

Val

Ser

Tyr

Leu

Vali

Ser

40

Val

Pro

Thr

Ser

Asp
120

EP 1 900 814 A1

Phe

Gin

25

Cys

Arg

Gly

Ile

Leu

105

Asp

val Val
10

Ser Gly

Lys Ala

GIn Arg

Asp Gly

75

Thr Ala

90

Arg Ser

Tyr Ser

27

Ala

Pro

Ser

Pro

60

Glu

Asp

Glu

Phe

an artificially synthesized peptide sequence

Ala

Glu

Gly

45

Gly

Thr

Glu

Asp

Ala
125

Ala

Val

30

Tyr

Lys

lle

Ser

Thr

110

Tyr

Thr

15

Lys

Thr

Gly

Tyr

Thr

95

Ala

Trp

Gly

Lys

Phe

Leu

Asn

80

Ser

Val

Gly

1572
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Gln

Gly

145

Leu

Ser

Phe

Ser

Gly

225

Gly

Gin

Gly

Glu

Gly
305

Gly

130

Gly

Ser

Ser

Leu

Asn

210

Thr

Val

Gly

Ser

Val!

290

Tyr

Thr

Ser

Leu

Lys

GIn

195

Leu

Asp

Tyr

Thr

Gly

275

Lys

Thr

Thr

Gly

Pro

Ser

180

Lys

Ala

Phe

Tyr

Lys

260

Gly

Lys

Phe

Val

Gly

Val

165

Leu

Pro

Ser

Thr

Cys

245

Leu

Gly

Pro

Thr

Thr

Gly

150

Thr

Leu

Gly

Gly

Leu

230

Met

Glu

Gly

Gly

Asn

310

Val

135

Gly

Pro

His

Gln

Val

215

Lys

Glin

Ile

Ser

Ala

295

Ser

Ser

Ser

Gly

Ser

Ser

200

Pro

Ile

His

Lys

Gln

280

Ser

Trp

EP 1 900 814 A1

Ser

Asp

Glu

Asn

185

Pro

Asp

Ser

ile

Gly

265

Val

Val

Met

Gly

lie

Pro

170

Gly

Glin

Arg

Arg

Gliu

250

Gly

Gin

Lys

Asn

Gly

Val

155

Ala

Asn

Leu

Phe

Val

235

Tyr

Gly

Leu

Val

Trp
315

28

Gly

140

Met

Ser

Thr

Leu

Ser

220

Glu

Pro

Gly

Val

Ser

300

Val

Gly

Thr

lle

Tyr

Ile

205

Gly

Ala

Phe

Ser

Gln

285

Cys

Arg

Ser

GlIn

Ser

Leu

190

Tyr

Ser

Glu

Thr

Gly

270

Ser

Lys

GIn

Gly

Ser

Cys

175

Tyr

Arg

Gly

Asp

Phe

255

Gly

Gly

Ala

Arg

Gly

Pro

160

Arg

Trp

Met

Ser

Val

240

Gly

Gly

Pro

Ser

Pro

320
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Gly

Thr

Glu

Asp

Ala

385

Gly

Thr

lle

Tyr

Ite

465

Gly

Ala

Lys

lle

Ser

Thr

370

Tyr

Ser

Gln

Ser

Leu

450

Tyr

Ser

Glu

Gly

Tyr

Thr

355

Ala

Trp

Gly

Ser

Cys

435

Tyr

Arg

Gly

Asp

lLeu

Asn

340

Ser

Val

Gly

Gly

Pro

420

Arg

Trp

Met

Ser

Val
500

Glu

325

Gly

Thr

Tyr

Gin

Gly

405

Leu

Ser

Phe

Ser

Gly

485

Gly

Trp

Lys

Ala

Tyr

Gly

390

Gly

Ser

Ser

Leu

Asn

470

Thr

Val

lle

Phe

Tyr

Cys

375

Thr

Ser

Leu

Lys

Gln

455

Leu

Asp

Tyr

Gly

Arg

Met

360

Ala

Thr

Gly

Pro

Ser

440

Lys

Ala

Phe

Tyr

EP 1 900 814 A1

Arg

Val

345

Gin

Arg

Val

Gly

Val

425

Leu

Pro

Ser

Thr

Cys
505

lie

330

Arg

Leu

Gly

Thr

Gly

410

Thr

Leu

Gly

Gly

Leu

490

Met

Tyr

Val

Ser

Tyr

Val

395

Gly

Pro

His

Gln

Val

475

Lys

Glin

29

Pro

Thr

Ser

Asp

380

Ser

Ser

Gly

Ser

Ser

460

Pro

lie

His

Gly

lle

Leu

365

Asp

Ser

Asp

Glu

Asn

445

Pro

Asp

Ser

Ile

Asp

Thr

350

Arg

Tyr

Gly

lle

Pro

430

Gly

Gin

Arg

Arg

Giu
510

Gly

335

Ala

Ser

Ser

Gly

Val

415

Ala

Asn

Leu

Phe

Val

495

Tyr

Glu

Asp

Glu

Phe

Gly

400

Met

Ser

Thr

Leu

Ser

480

Glu

Pro
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Phe Thr Phe Gly GIn Gly Thr Lys Leu Glu lie Lys

515

<210> 5

211> 1572
<212> DNA
<213> Arti

<220>
<223>

<400> 5
atggactgga

gtegcagetae

tgcaaggett

ggaaaggetc

gggaaattca

gagctgagea

gattactcgt

ggatccggag

ctctecctge

ctcectgeata

ccacggcetcece

ggcagtggat

ficial

cctggaggtt
tegcagtctes
ctggatacac
ttgagtggat
gegtcagaegt
gcctgagate
ttecttactg
gtgetggate
ccgtecaccce
gtaatggcaa
tgatctatcg

caggcacagce

520

cctotttgteg

acctgaggteg

cttcaccaac

tggacggatt

cacgattacec

tgaggacacg

gggccaggea

gegtgeteega

tggagagccg

cacttacttg

gatgtccaac

ttttacactg

gtggecageag

aagaagcctg

tcctgegatega

tatccteggag

gcggacgaat

geceogtgtatt

accacggtca

gegatcggata

gcctccatcet

tattegegttce

cttgectecag

aaaatcagca

30

an artificially synthesized nucleotide sequence

ctacaggtegt

gegegcctecagt

actgggtgag

atggagaaac

ccacgagcac

actgtgcgag

cecgtetette

ttegtgatgac

cctgeaggte

agcagaagcece

gggtccetga

gagtggaggc

ccagtcccag

gaaggtectce

gcagaggect

tatctacaat

agcctacatg

aggctatgat

aggtggtagt

tcagtctcca

tagtaagagt

agggcaggct

caggttcagt

tgaggatgtt

60

120

180

240

300

360

420

480

540

600

660

720
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50

55

geggtttatt

cteggaaatca

gtecagectgg

tgcaaggett

ggaaageggtc

gggaaattca

gagetgagea

gattactcgt

ggatccggag

ctctecectge

ctoctecata

ccacggctce

ggcagtggat

gggetttatt

ctggaaatca

<210> 6

<211> 524

<212> PRT
{213>

actgcatgca

aaggaggteg

tgcagtctegs

ctggatacac

ttegagteggat

gggtcagagt

gcctgagate

ttecttactg

gteggtgeatc

ccgtcaccce

gtaatggcaa

tgatctateg

caggcacage

actgcatgeca

aa

Artificial

acatatagaa

tggatcgggt

acctgaggteg

cttcaccaac

tggacggatt

cacgattacce

tgaggacaceg

gggeecaggea

gggtegegtegga

tggagageceg

cacttacttg

gatgtccaac

ttttacactg

acatatagaa

EP 1 900 814 A1

tatcctttta

getgegtegtt

aagaagectg

tcctiggatga

tatcctggag

gocgegacgaat

goecgtgtatt

accacggtca

ggatcggata

gcectecatet

tattggttce

cttgcctecag

aaaatcagca

tatcctttta

31

cgttcgecca

CEEgAgECEE

ggeccteagt

actgggteag

atggagaaac

ccacgagcac

actgtgecgag

cecgtetette

ttgtegategac

cctgecaggtce

agcagaagcc

geggtccctga

gagtggaggce

cgttcgegcca

agggaccaaa

tggatcgecag

gaaggtctce

gcagaggect

tatctacaat

agcctacatg

aggctatgat

aggteggteggt

tcagtctcca

tagtaagagt

agggcaggct

caggttcagt

tgaggatgtt

agggaccaaa

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1672
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25

30

35

40

45

50

55

EP 1 900 814 A1

{220>
(223> an artificially synthesized peptide seguence

<400> 6
Met Asp Trp Thr Trp Arg Phe Leu Phe Val Val Ala Ala
1 ' 5 10

Val GIn Ser Gln Val Gin Leu Val Gin Ser Gly Pro Glu
20 25

Pro Gly Ala Ser Val Lys Val Ser Cys Lys Ala Ser Gly
35 40 45

Thr Asn Ser Trp Met Asn Trp Val Arg Gin Arg Pro Gly
50 55 60

Glu Trp lle Gly Arg lle Tyr Pro Gly Asp Gly Glu Thr
65 70 75

Gly Lys Phe Arg Val Arg Val Thr lle Thr Ala Asp Glu
85 90

Thr Ala Tyr Met Glu Leu Ser Ser Leu Arg Ser Glu Asp
100 105

Tyr Tyr Cys Ala Arg Gly Tyr Asp Asp Tyr Ser Phe Ala
115 120 125

Gin Gly Thr Thr Val Thr Val Ser Ser Gly Gly Gly Gly
130 135 140

Gly Gly Ser Gly Gly Gly Gly Ser Asp lle Val Met Thr
145 150 155

Leu Ser Leu Pro Val Thr Pro Gly Glu Pro Ala Ser lle

32

Ala

Val

30

Tyr

Lys

lle

Ser

Thr

110

Tyr

Ser

Gin

Ser

Thr

15

Lys

Thr

Gly

Tyr

Thr

95

Ala

Trp

Gly

Ser

Cys

Gly

Lys

Phe

Leu

Asn

80

Ser

Val

Gly

Gly

Pro

160

Arg
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30

35

40

45

50

55

Ser

Phe

Ser

Gly

225

Gly

Gin

Gly

Glu

Gly

305

Gly

Thr

Glu

Ser

Gln

Asn

210

Thr

Val

Gly

Ser

Val

290

Tyr

Lys

lle

Ser

Lys

GlIn

195

Leu

Ala

Tyr

Thr

Gly

275

Lys

Thr

Gly

Tyr

Thr

Ser

180

Lys

Ala

Phe

Tyr

Lys

260

Gly

Lys

Phe

Leu

Asn

340

Ser

165

Leu

Pro

Ser

Thr

Cys

245

Leu

Gly

Pro

Thr

Glu

325

Gly

Thr

Leu

Gly

Gly

Leu

230

Met

Glu

Gly

Gly

Asn

310

Trp

Lys

Ala

EP 1 900 814 A1

His

Gin

Val

215

Lys

Gin-

Ile

Ser

Ala

295

Ser

Ile

Phe

Tyr

Ser

Ala

200

Pro

lte

His

Lys

Gln

280

Ser

Trp

Gly

Arg

Met

Asn

185

Pro

Asp

Ser

Ile

Gly

265

Val

Val

Met

Arg

Val

345

Glu

33

170

Gly

Arg

Arg

Arg

Glu

250

Gly

Gin

Lys

Asn

lle

330

Arg

Leu

Asn

Leu

Phe

Val

235

Tyr

Gly

Leu

Val

Trp

315

Tyr

Val

Ser

Thr

Leu

Ser

220

Glu

Pro

Gly

Val

Ser

300

Val

Pro

Thr

Ser

Tyr

lie

205

Gly

Ala

Phe

Ser

Gin

285

Cys

Arg

Gly

lie

Leu

Leu

190

Tyr

Ser

Glu

Thr

Gly

270

Ser

Lys

Gin

Asp

Thr

350

Arg

175

Tyr

Arg

Gly

Asp

Phe

255

Gly

Gly

Ala

Arg

Gly

335

Ala

Ser

Trp

Met

Ser

Val

240

Gly

Gly

Pro

Ser

Pro

320

Glu

Asp

Glu
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35

40

45

50

55

Asp

Ala

385

Gly

Thr

lle

Tyr

Ile

465

Gly

Ala

Phe

210> 7

Thr

370

Tyr

Ser

Gin

Ser

Leu

450

Tyr

Ser

Giu

Thr

<211>
<{212> DNA

355

Ala

Trp

Gly

Ser

Cys

435

Tyr

Arg

Gly

Asp

Phe
515

1572

Val

Gly

Gly

Pro

420

Arg

Trp

Met

Ser

Val

500

Gly

Tyr

GIn

Gly

405

Leu

Ser

Phe

Ser

Gly

485

Gly

Gin

Tyr

Gly

390

Gly

Ser

Ser

Gin

Asn

470

Thr

Val

Gly

EP 1 900 814 A1

Cys

375

Thr

Ser

Leu

Lys

Gln

455

Leu

Ala

Tyr

Thr

360

Ala

Thr

Gly

Pro

Ser

440

Lys

Ala

Phe

Tyr

Lys
520

Arg

Val

Gly

Val

425

Leu

Pro

Ser

Thr

Cys

505

Leu

34

Gly

Thr

Gly

410

Thr

feu

Gly

Gly

Leu

490

Met

Glu

Tyr

Val

395

Gly

Pro

His

Gln

Val

475

Lys

Gln

Ile

Asp

380

Ser

Ser

Gly

Ser

Ala

460

Pro

lle

His

Lys

365

Asp

Ser

Asp

Glu

Asn

445

Pro

Asp

Ser

lle

Tyr

Gly

ite

Pro

430

Gly

Arg

Arg

Arg

Giu
510

Ser

Gly

Val

415

Ala

Asn

Leu

Phe

Val

495

Tyr

Phe
Gly
400
Met
Ser
Thr
Leu
Ser
480

Glu

Pro
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{218>

<220>
<223>

<400> 7
atggactgea

gtgcagetgg

tgcaaggctt

geaaaggegte

geggaaattca

gagctgagea

gattactcgt

ggatccggag

ctctcectge

ctcctgcata

ccacagctcc

ggcagtegegat

gegggtttatt

ctggaaatca

gtgcagecteg

Artificial

cctggaggtt

tgcagtetee

ctggatacac

ttgagtggat

ggegtcagagt

gcctgagate

ttgcttactg

gtggtgeate

ccgtecacccee

gtaatggcaa

tgatctatcg

caggcacagc

actgcatgca

aaggageiegg

tgcagtctee

EP 1 900 814 A1

cctetttgtg

acctgaggte

cttcaccaac

gggacggatt

cacgattacc

tgaggacacg

gggccaggga

gggtggtegga

tggagageceg

cacttactts

gatgtccaac

ttttacactg

acatatagaa

tggatcgeggt

acctgaggte

gtggcageag

aagaagectg

tcctggatga

tatcctggag

gcggacgaat

geegtgtatt

accacggtca

ggatcggata

gecctccatet

tatteggtacc

cttgectcag

aaaatcagca

tatcctttta

ggteggteett

aagaagcctg

35

an artificially synthesized nucleotide sequence

ctacaggtgt
gggectcagt
actggatcag
atggagaaac
CGaGEgagcac
actgtgcgag
ccgtetottc
ttetgatgac
cctgcaggte
tgcagaagee
geggtceectga
gagtggageo
égttcggcca
cgggageceses

geggcctecagt

ccagtcecag

gaaggtctce

gecagaggcooct

tatctacaat

agcctacatg

aggctatgat

aggtgateet

tcagtcteca

tagtaagagt

agggcagtcet

caggttcagt

tgaggategtt

agggaccaaa

tggatcgecag

gaaggtctcc

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900
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tgcaagegctt
ggaaagggte
gggaaattca
gagctgagea
gattactcegt
ggatccgegag
ctctecetege
ctcctgeata
ccacagetce
gécagtggat
gegggtttatt
ctggaaatca
{210> 8

{211> 524
<212> PRT

<213>

{220>
223>

<400> 8

ctggatacac

ttgagtgegat

ggetcagagt

gectgagate

ttgettactg

gtegetggatc

ccgtcaccece

gtaatggcaa

tgatctatcg

caggcacagc

actgcatgca

aa

Artificial

EP 1

cttcaccaac

gggacggatt

cacgattacc

tgaggacacg

gggccaggga

gggtggtgega

tggagagecg

cacttactteg

gatgtccaac

ttttacactg

acatatagaa

900 814 A1

tcoctggatga

tatcctggag

gcggacgaat

geegtgtatt

accacggtca

ggatcggata

gcetecatet

tattggtacec

cttgectecag

aaaatcagca

tatccttitta

actggatcag

atggagaaac

ccacgagcac

actgtgcgag

ccgtetettce

ttgtgatgac

cctgecaggte

tegcagaagcc

gggteecotga

gagtggagge

cgttcgegcca

an artificially synthesized peptide sequence

gcagaggcect

tatctacaat

agcctacatg

aggctatgat

aggtegteet

tcagtctegca

tagtaagagt

agggcagtoct

caggttcagt

tgaggatgtt

agggaccaaa

Met Asp Trp Thr Trp Arg Phe Leu Phe Val Val Ala Ala Ala Thr Gly

1

5

10

36

15

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1572
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55

Val

Pro

Thr

Glu

65

Gly

Thr

Tyr

GlIn

Gly

145

Leu

Ser

Tyr

GlIn

Gly

Asn

50

Trp

Lys

Ala

Tyr

Gly

130

Gly

Ser

Ser

Leu

Ser

Ala

35 .

Ser

Met

Phe

Tyr

Cys

115

Thr

Ser

Leu

Lys

GIn
195

Gin

20

Ser

Trp

Gly

Arg

Met

100

Ala

Thr

Gly

Pra

Ser

180

Lys

Val

Val

Met

Arg

Val

85

Glu

Arg

Val

Gly

Val

165

Leu

Pro

Gln

Lys

Asn

lle

70

Arg

Leu

Gly

Thr

Gly

150

Thr

Leu

Gly

Leu

Val

Trp

55

Tyr

vVal

Ser

Tyr

Val

135

Gly

Pro

His

Glin

EP 1 900 814 A1

Val

Ser

40

ile

Pro

Thr

Ser

Asp

120

Ser

Ser

Gly

Ser

Ser

200

Glin

25

Cys

Arg

Gly

Ite

Leu

105

Asp

Ser

Asp

Glu

Asn
185

Pro-

Ser

Lys

Glin

Asp

Thr

90

Arg

Tyr

Gly

ile

Pro

170

Gly

Gin

37

Gly

Ala

Arg

Gly

75

Ala

Ser

Ser

Gly

vai

155

Ala

Asn

Leu

Pro

Ser

Pro

60

Glu

Asp

Glu

Phe

Gly

140

Met

Ser

Thr

Leu

Glu

Gly

45

Gly

Thr

Glu

Asp

Ala

125

Gly

Thr

Ile

Tyr

lle

205

Val

30

Tyr

Lys

I1e

Ser

Thr

110

Tyr

Ser

Gin

Ser

Leu

190

Tyr

Lys

Thr

Gly

Tyr

Thr

95

Ala

Trp

Gly

Ser

Cys

175

Tyr

Arg

Lys

Phe

Leu

Asn

80

Ser

Val

Gly

Gly

Ala

160

Arg

Trp

Met
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45

50

55

Ser

Gly

225

Gly

Gln

Gly

Glu

Gly

305

Gly

Thr

Glu

Asp

Ala
385

Asn

210

Thr

Val

Gly

Ser

Val

290

Tyr

Lys

Ile

Ser

Thr

370

Tyr

Leu

Ala

Tyr

Thr

Gly

275

Lys

Thr

Gly

Tyr

Thr

355

Ala

Trp

Ala

Phe

Tyr

Lys

260

Gly

Lys

Phe

Leu

Asn

340

Ser

Val

Gly

Ser

Thr

Cys

245

Leu

Gly

Pro

Thr

Glu

325

Gly

Thr

Tyr

GIn

Gly

Leu

230

Met

Glu

Gly

Gly

Asn

310

Trp

Lys

Ala

Tyr

Gly
390

Val

215

Lys

Gin

lle

Ser

Ala

285

Ser

Met

Phe

Tyr

Cys

375

Thr

EP 1 900 814 A1

Pro

Ile

His

Lys

Gln

280

Ser

Trp

Gly

Arg

Met

360

Ala

Thr

Asp

Ser

lle

Gly

265

Val

Val

Met

Arg

Val

345

Glu

Arg

Val

Arg

Arg

Glu

250

Gly

Gin

Lys

Asn

lle

330

Arg

Leu

Gly

Thr

38

Phe

Val

235

Tyr

Gly

Leu

val

Trp

315

Tyr

Val

Ser

Tyr

Val
395

Ser

220

Glu

Pro

Gly

Val

Ser

300

Ile

Pro

Thr

Ser

Asp

380

Ser

Gly

Ala

Phe

Ser

GIn

285

Cys

Arg

Gly

fle

Leu

365

Asp

Ser

Ser

Glu

Thr

Gly

270

Ser

Lys

Gln

Asp

Thr

350

Arg

Tyr

Gly

Gly

Asp

Phe

255

Gly

Gly

Ala

Arg

Gly

335

Ala

Ser

Ser

Gly

Ser

Val

240

Gly

Gly

Pro

Ser

Pro

320

Glu

Asp

Glu

Phe

Gly
400
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Gly Ser

Thr GIn

Gly

Ser

Ile Ser Cys

Tyr Leu
450

lle Tyr
465

Gly Ser

Ala Glu

Phe Thr

210>
<2112
212>
<213>

<220>
223>

<400>

atggactgga cctggagett cctectttgtg gtggcagecag ctacaggtgt ccagtcccag

435

Tyr

Arg

Gly

Asp

Phe
515

9
1572
DNA

Gly

Ala

420

Arg

Trp

Met

Ser

Val

500

Gly

Gly

405

Leu

Ser

Tyr

Ser

Gly

485

Gly

GIn

Artificial

Gly

Ser

Ser

Leu

Asn

470

Thr

Val

Gly

Ser

Leu

Lys

Gln

455

Leu

Ala

Tyr

Thr

EP 1 900 814 A1

Gly

Pro

Ser

440

Lys

Ala

Phe

Tyr

Lys
520

Gly

val

425

Leu

Pro

Ser

Thr

Cys

505

Leu

Gly

410

Thr

Leu

Gly

Gly

Leu

490

Met

Glu

Gly

Pro

His

GIn

Val

475

Lys

Gln

lle

Ser

Gly

Ser

Ser

460

Pro

fle

His

Lys

Asp

Glu

Asn

445

Pro

Asp

Ser

lle

Ile

Pro

430

Gly

Gin

Arg

Arg

Glu
510

an artificially synthesized nucleotide sequence

9

39

Val

415

Ala

Asn

Leu

Phe

Val

495

Tyr

Met

Ser

Thr

Leu

Ser

480

Glu

Pro



10

15

20

25

30

35

40

45

50

55

gtgecageteg

tgcaaggectt

ggaaagggtc

geggaaattca

gagetgagea

gattactcgt

ggatccggag

ctctoceotge

ctcctgcata

ccacagcetee

gegcagtggat

gggetttatt

ctggaaatca

gtgoagotege

tgcaaggett

ggaaaggsgtc

gegaaattea

gagctgagea

tgcagtcteg

ctggatacac

ttgagtggat

ggegtcagagt

geetgagate

ttgcttacte

gtggteggatc

cecgtcacceeo

gtaatggcaa

tgatctateg

caggcacagc

actgcatgca

aaggaggtag

tgcagtcteeg

ctggatacac

ttgagtggat

gggteagagt

gectgagatce

EP 1 900 814 A1

acctgaggteg

cttcaccaac

gggacggatt

cacgattacc

tgaggacacg

gggocaggega

ggetegtgga

tggagageeg

cacttacttg

gatgtccaac

ttttacactg

acatatagaa

tggatcgget

acctegageteg

cttcaccaac

gggacggatt

cacgattace

tgaggacacg

aagaagcctg
tcctggatga
tatectggag
gcggacgaat
gccgtgtatt
accacggtea
ggatcggata
gectecatet
tattggtace
cttgecctecag
aaaatcagca
tatcoctttta
ggtaggteatt
aagaagectg
tcctggatga
tatccteggag
geggacgaat

gecgtgtatt

40

gggcctcagt

actgggtgag

atggagaaac

cCacgagcac

actgtgcgag

cocgtototte

ttegtgatgac

cctgeaggte

tgcagaagee

gggtceoctga

gagtggagge

cgttcggceca

cggeagegcee

ggegcctcagt

actggetegag

atggagaaac

ccacgagcac

actgtgcgag

gaaggtctoe

gcagaggcect

tatctacaat

agcctacate

agegctatgat

aggtggtget

tcagtctgca

tagtaagagt

agggcagtet

caggttcagt

tgaggatgtt

agggaccaaa

tggatcgcag

gaaggtctcc

gecagaggect

tatctacaat

agcctacatg

aggctatgat

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140
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gattactecgt

ggatccggag

ctctecectec

ctecoctgeata

ccacagctcce

ggcagiggat

ggggtttatt

ctggaaatca

<210> 10

<211> 524

<212> PRT

<213>

<220>
<223>

<400> 10

tigcttactg

gteggtggate

ccgtecaccee

gtaatggcaa

tgatctateg

caggcacagc

actgcatgea

aa

Artificial

EP 1 900 814 A1

gggccagegega

ggetgetega

tggagageccg

cacttacttg

gatgtccaac

ttttacacte

acatatagaa

accacggtca

geatcgegata

gcctcoatet

tattggtace

cttgcctcag

aaaatcagca

tatcctttta

ccgtctectte

ttgtgatgac

cctgcaggtc

tgcagaagece

gegtcecctga

gagtggagec

cgttecggeca

an artificially synthesized peptide sequence

aggtggtget

tcagtctgea

tagtaagagt

agggcagtet

caggttcagt

tgaggatgtt

agggaccaaa

Met Asp Trp Thr Trp Arg Phe Leu Phe Val Val Ala Ala Ala Thr Gly

1

5

10

15

Val GIn Ser GIn Val Gln Leu Val GlIn Ser Gly Pro Glu Val Lys Lys
25

20

30

Pro Gly Ala Ser Val Lys Val Ser Cys Lys Ala Ser Giy Tyr Thr Phe

35

40

a1

45

1200

1260

1320

1380

1440

1500

1560

1572
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Thr

Glu

65

Gly

Thr

Tyr

Gin

Gly

145

Leu

Ser

Tyr

Ser

Gly
225

Asn

50

Trp

Lys

Ala

Tyr

Gly

130

Gly

Ser

Ser

Leu

Asn

210

Thr

Ser

Met

Phe

Tyr

Cys

115

Thr

Ser

Leu

Lys

Gln

195

Leu

Ata

Trp

Gly

Arg

Met

100

Ala

Thr

Gly

Pro

Ser

180

Lys

Ala

Phe

Met

Arg

Val

85

Glu

Arg

Val

Gly

Val

165

Leu

Pro

Ser

Thr

Asn

Ile

70

Arg

Leu

Gly

Thr

Gly

150

Thr

Leu

Gly

Gly

Leu

230

Trp

55

Tyr

Val

Ser

Tyr

Val

135

Gly

Pro

His

Gln

Val

215

Lys

EP 1 900 814 A1

Val

Pro

Thr

Ser

Asp

120

Ser

Ser

Gly

Ser

Ser

200

Pro

Ite

Arg

Gly

lle

Leu

105

Asp

Ser

Asp

Glu

Asn

185

Pro

Asp

Ser

GlIn

Asp

Thr

90

Arg

Tyr

Gly

Ile

Pro

170

Gly

Gln

Arg

Arg

42

Arg

Gly

75

Ala

Ser

Ser

Gly

Val

155

Ala

Asn

Leu

Phe

Val
235

Pro

60

Glu

Asp

Glu

Phe

Gly

140

Met

Ser

Thr

Leu

Ser

220

Glu

Gly

Thr

Glu

Asp

Ala

125

Gly

Thr

Ile

Tyr

lle

205

Gly

Ala

Lys

Ite

Ser

Thr

110

Tyr

Ser

Gin

Ser

Leu

190

Tyr

Ser

Glu

Gly

Tyr

Thr

8b

Ala

Trp

Gly

Ser

Cys

175

Tyr

Arg

Gly

Asp

Leu

Asn

80

Ser

Val

Gly

Gly

Ala

160

Arg

Trp

Met

Ser

val
240
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Gly

Glin

Gly

Glu

Gly

305

Gly

Thr

Glu

Asp

Ala

385

Gly

Thr

Val

Gly

Ser

Val

290

Tyr

Lys

lte

Ser

Thr

370

Tyr

Ser

Gln

Tyr

Thr

Gly

275

Lys

Thr

Gly

Tyr

Thr

355

Ala

Trp

Gly

Ser

Tyr

Lys

260

Gly

Lys

Phe

Leu

Asn

340

Ser

Val

Gly

Gly

Ala
420

Cys

245

Leu

Gly

Pro

Thr

Glu

325

Gly

Thr

Tyr

Gin

Gly

405

Leu

Met

Glu

Gly

Gly

Asn

310

Trp

Lys

Ala

Tyr

Gly

390

Gly

Ser

Gln

Ile

Ser

Ala-

295

Ser

Met

Phe

Tyr

Cys

375

Thr

Ser

Leu

EP 1 900 814 A1

His Ile Glu

Lys

Gin

280

Ser

Trp

Gly

Arg

Met

360

Ala

Thr

Gly

Pro

Gly

265

Val

Val

Met

Arg

Val

345

Glu

Arg

Val

Gly

Val
425

250

Gly

Gin

Lys

Asn

lle

330

Arg

Leu

Gly

Thr

Gly

410

Thr

43

Tyr

Gly

Leu

Val

Trp

315

Tyr

Val

Ser

Tyr

Val
395

Gly

Pro

Pro

Gly

Val

Ser

300

val

Pro

Thr

Ser

Asp

380

Ser

Ser

Gly

Phe

Ser

Gin

285

Cys

Arg

Gly

Ile

Leu

365

Asp

Ser

Asp

Glu

Thr

Gly

270

Ser

Lys

Gin

Asp

Thr

350

Arg

Tyr

Gly

Ile

Pro

430

Phe

255

Gly

Gly

Ala

Arg

Gly

336

Ala

Ser

Ser

Gly

Val

415

Ala

Gly

Gly

Pro

Ser

Pro

320

Glu

Asp

Glu

Phe

Gly

400

Met

Ser
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EP 1 900 814 A1
ile Ser Cys Arg Ser Ser Lys Ser Leu Leu His Ser Asn Gly Asn Thr
435 440 445

Tyr Leu Tyr Trp Tyr Leu Gin Lys Pro Gly Gin Ser Pro GIn Leu Leu
450 455 460

tie Tyr Arg Met Ser Asn Leu Ala Ser Gly Val Pro Asp Arg Phe Ser
465 470 475 480

Gly Ser Gly Ser Gly Thr Ala Phe Thr Leu Lys lle Ser Arg Val Glu
485 430 495

Ala Glu Asp Val Gly Val Tyr Tyr Cys Met Gin His Ile Glu Tyr Pro
500 505 510

Phe Thr Phe Gly Gin Gly Thr Lys Leu Glu lle Lys

5156 520

210> M

<211> 1572
<212> DNA

<213> Artificial

<220>

<223> an artificially synthesized nucleotide sequence

<400> 11
atggactgga cctggagett cctectttetg gtggcagecag ctacaggtgt ccagtcccag

gtegcagctege tecagtcteeg acctgagetg aagaagoctg gegcctcagt gaaggtctcee
tgcaaggectt ctggatacac cttcaccaac tcctggatga actggegtgag gecagaggoct

ggaaagggtec ttgagtggat tggacggatt tatcotggag atggagaaac tatctacaat

44

60

120

180

240
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geggaaattca

gagetgagea

gattactcet

ggatccggag

ctctccetge

ctcctgcata

ccacagctce

ggcagtggat

gggegtttatt

ctggaaatca

gtgcagctgg

tgcaaggcectt

ggaaaggetc

geggaaattca

gagctgagceca

gattactcgt

ggatccggag

ctctcoctge

gggtcagagt
gcctgagate
ttgcttacte
gtgegtggate
ccgtcacceco
gtaatgecaa
tgatctateg
caggcacage
actgoatgea
aaggaggteg
tegcagtoteg
ctggatacac
ttgagtggat
geggtcagagt
gecctgagate
ttegcttacte
gtggtgegate

ccgtcaccee

EP 1 900 814 A1

cacgattace

tgaggacaceg

BEgccaggea

gegtggtgea

tggagageceg

cacttacttg

gatgtccaac

ttttacactg

acatatagaa

tggatcggst

acctgaggtg

cttcaccaac

tggacggatt

cacgattacc

tgaggacacg

gggccaggga

gegtgatgga

tggagagceg

gecggacgaat

geegtgtatt

accacggtca

ggatcgeata

gectecatet

tattggttcc

cttegccteag

aaaatcagca

tatcctttta

getgetegtt

aagaagcctg

tcetggatga

tatcctggag

goggacgaat

gecegtgtatt

accacggtca

ggatcggata

gcctccatet

45

ccacgagcac

actgtgcgag

ccgtotettce

ttgtgatgac

cctgeaggte

agcagaagcc

geptocctga

gagtggaggc

cgttcgecca

CgZggageces

gggcctecagt

actgggtegag

atggagaaac

ccacgagecac

actgtgcgag

ccgtetottc

ttgtgatgac

cctgcaggte

agcctacateg

aggctatgat

aggteegteget

tcagtctcca

tagtaagagt

agggcagtcet

caggttcagt

tgaggatgtt

agggaccaaa

tggatcgeag

gaaggtctee

gcagaggcct

tatctacaat

agcctacatg

aggectatgat

aggteegtgst

tcagtctcca

tagtaagagt

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320
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ctectgcata gtaatggcaa cacttacttg tattgegttcc agcagaagec agggceagtct 1380

ccacagctcc tgatctatcg gatgtccaac cttgcctcag geggtocctga caggttcagt 1440

gegcagtggat caggcacagc ttttacactg aaaatcagca gagtggaggc tgaggatgtt 1500

geggetttatt actgcatgea acatatagaa tatcctttta cgttoggcca agggaccaaa 1560

15

20

25

30

35

40

45

50

55

ctggaaatca za 1572

<210> 12

<211> 524

<212> PRT

<213> Artificial -

<220>

<223> an artificially synthesized peptide sequence

<400> 12

Met Asp Trp Thr Trp Arg Phe Leu Phe Val Val Ala Ala Ala Thr Gly

1 5 10 15

Val GIn Ser GIn Val GIn Leu Val Gln Ser Gly Pro Glu Val Lys Lys

20 25 30
Pro Gly Ala Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe
35 40 45

Thr Asn Ser Trp Met Asn Trp Val Arg Gln Arg Pro Gly Lys Gly Leu
50 55 60

Giu Trp Ile Gly Arg Ite Tyr Pro Gily Asp Gly Gilu Thr lle Tyr Asn

65 70 75 80

Gly Lys Phe Arg Val Arg Val Thr 1le Thr Ala Asp Glu Ser Thr Ser

46
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Thr

Tyr

GlIn

Gly

145

Leu

Ser

Phe

Ser

Gly

225

Gly

Gln

Gly

Ala

Tyr

Gly

130

Giy

Ser

Ser

Gln

Asn

210

Thr

Val

Gly

Ser

Tyr

Cys

115

Thr

Ser

Leu

Lys

Gin

195

Leu

Ala

Tyr

Thr

Gly.

Met

100

Ala

Thr

Gly

Pro

Ser

180

Lys

Ala

Phe

Tyr

Lys

260

Gly

85

Glu

Arg

Val

Gly

Val

165

Leu

Pro

Ser

Thr

Cys

245

Leu

Gly

Leu

Gly

Thr

Gly

150

Thr

Leu

Gly

Gly

Leu

230

Met

Glu

Gly

Ser

Tyr

Val

135

Gly

Pro

His

GlIn

Val

215

Lys

Gln

lle

Ser

EP 1 900 814 A1

Ser

Asp

120

Ser

Ser

Gly

Ser

Ser

200

Pro

lle

His

Lys

Gln

Leu

105

Asp

Ser

Asp

Glu

Asn

185

Pro

Asp

Ser

lle

Gly

265

Val

90

Arg

Tyr

Gly

Ile

Pro

170

Gly

GIn

Arg

Arg

Glu

250

Gly

Gin

47

Ser

Ser

Gly

Val

1565

Ala

Asn

Leu

Phe

Val

235

Tyr

Gly

Leu

Glu

Phe

Gly

140

Met

Ser

Thr

Leu

Ser

220

Glu

Pro

Gly

Val

Asp

Ala

125

Gly

Thr

lle

Tyr

lle

205

Gly

Ala

Phe

Ser

Gln

Thr

110

Tyr

Ser

Gin

Ser

Leu

190

Tyr

Ser

Glu

Thr

Gly

270

Ser

95

Ala

Trp

Gly

Ser

Cys

175

Tyr

Arg

Gly

Asp

Phe

255

Gly

Gly

Val

Gly

Gly

Pro

160

Arg

Trp

Met

Ser

Val

240

Gly

Gly

Pro
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Glu

Gly

305

Gly

Thr

Glu

Asp

Ala

385

Gly

Thr

Ile

Tyr

Ile

Val

290

Tyr

Lys

lle

Ser

Thr

370

Tyr

Ser

Gin

Ser

Leu

450

Tyr

275

Lys

Thr

Gly

Tyr

Thr

355

Ala

Trp

Giy

Ser

Cys

435

Tyr

Arg

Lys

Phe

Leu

Asn

340

Ser

Va!

Gly

Gly

Pro

420

Arg

Trp

Met

Pro

Thr

Glu

325

Gly

Thr

Tyr

GlIn

Gly

405

Leu

Ser

Phe

Ser

Gly

Asn

310

Trp

Lys

Ala

Tyr

Gly

390

Gly

Ser

Ser

Gin

Asn

Ala

295

Ser

lle

Phe

Tyr

Cys

375

Thr

Ser

Leu

Lys

GlIn

455

Leu

EP 1 900 814 A1

280

Ser

Trp

Gly

Arg

Met

360

Ala

Thr

Gly

Pro

Ser

440

Lys

Ala

Val

Met

Arg

Val

345

Glu

Arg

Val

Gly

Val

425

Leu

Pro

Ser

Lys

Asn

lle

330

Arg

Leu

Gly

Thr

Gly

410

Thr

Leu

Gly

Gly

48

Val

Trp

315

Tyr

Val

Ser

Tyr

Val

395

Gly

Pro

His

Gln

Val

Ser

300

Val

Pro

Thr

Ser

Asp
380

Ser»

Ser

Gly

Ser

Ser

460

Pro

285

Cys

Arg

Gly

lie

Leu

365

Asp

Ser

Asp

Glu

Asn

445

Pro

Asp

Lys

GIn

Asp

Thr

350

Arg

Tyr

Gily

Ie

Pro

430

Gly

Gin

Arg

Ala

Arg

Gly

335

Ala

Ser

Ser

Gly

Val

415

Ala

Asn

Leu

Phe

Ser

Pro

320

Glu

Asp

Glu

Phe

Gly

400

Met

Ser

Thr

Leu

Ser
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465

EP 1 900 814 A1

470

475

480

Gly Ser Gly Ser Gly Thr Ala Phe Thr Leu Lys lle Ser Arg Val Glu

485

490

495

Ala Glu Asp Val Gly Val Tyr Tyr Cys Met GIn His Ile Giu Tyr Pro

500

505

510

Phe Thr Phe Gly Gin Gly Thr Lys Leu Glu lle Lys

515

<210> 13
<2110
<212> DNA
<213>

<220>
<223>

<400> 13
atggactgga

gtgcagetgg

tgcaaggett

ggaaaggegtc

gggaaattca

gagctgagca

gattactcgt

ggatccggag

1572

Artificial

cctggagett

tegcagtctagg

ctggatacac

ttgagtggat

gggtocagagt

gectgagate

ttegcttacte

gtggtgegatce

520

coctetttgts

agctgaggtg

cttcaccaac

tggacggatt

cacgattacc

tgaggacacg

gggecagegga

gggtggtega

gtggecagecag

aagaagcctg

tcctggatea

tatcctggag

gocggacgaat

gocgtgtatt

accacggtca

ggatcggata

49

an artificially synthesized nuclieotide sequence

ctacaggtgt

geggcctcagt

actgggtgag

atggagaaac

ccacgagecac

actgtgegag

ccgtctettc

ttgtgatgac

ccagtcccag

gaaggtctce

gcagaggcect

tatctacaat

agcctlacatg

aggctatgat

aggtggtegt

tcagtctceca

60

120

180

240

300

360

420

480
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ctctceetge

ctcctgeata

ccacagctece

ggcagtggat

gegegegtttatt

ctggaaatca

gtgcageteg

tgcaaggctt

ggaaagggtc

gggaaattca

gagctgagcea

gattactcgt

ggatccggag

ctectcecetge

ctcctgeata

ccacagetce

ggcagtegat

gggetttatt

ccgtcacccece
gtaatggcaa
tgatctateg
caggcacage
actgcatgca
aaggaggteg
fgcagtctgg
ctggatacac
ttgagtgegat
gggtcagagt
gecectgagate
ttegcttactg
gteggteggate
ccgtecaceee
gtaatggcaa
tgatctatcg
caggcacagc

actgcatgca

EP 1 900 814 A1

tggagageceg

cacttacttg

gatgtccaac

ttttacacteg

acatatagaa

tggatcgeget

agctgaggts

cttcaccaac

tggacggatt

cacgattacc

igaggacacg

geggecaggea

gggtggtgga

tggagageeg

cacttacttg

gatgtccaac

ttttacactg

acatatagaa

gecteccatet
tatteggttce
cttgecctcag
aaaatcagca
tatcctttta
ggtggtegtt
aagaagccte
tcctggatega
tatcctggag
geggacgaat
geegtgtatt
accacggteca
ggatcggata
gectccatet
tattggttce
cttgcctcgg
aaaatcagca

tatcctttta

50

cctegcaggte

agcagaagee

gggtoceotga

gagtggagge

cgttcggeeca

cgggagegcgg

gggoctoagt

actgggtgag

atggagaaac

ccacgagcac

actgtgegag

cecgtetette

ttgtgatgac

cctgcaggte

agcagaagce

gggtcecctga

gagtggagec

cgttcggeeca

tagtaagagt

agggecagtct

caggttcagt

tgaggatgtt

agggaccaaa

tggatcgecag

gaaggtctce

gcagaggcct

tatctacaat

agcctacatg

aggctatgat

aggtgetegt

tcagtctcca

tagtaagagt

agggcagtct

caggttcagt

tgaggatgtt

dggegaccaaa

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560
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ctggaaatca aa

<210> 14

<211> 524
<212> PRT
<213>

<220>
<223>

<400> 14

Met Asp Trp

1

Vai GlIn Ser

Pro Gly Ala

35

Thr Asn Ser
50

Glu Trp lle
65

Gly Lys Phe

Thr Ala Tyr

Tyr Tyr Cys
115

Thr

Gln

20

Ser

Trp

Gly

Arg

Met

100

Ala

Artificial

Trp

Val

Val

Met

Arg

Val

85

Glu

Arg

Arg

Gin

Lys

Asn

lle

70

Arg

Leu

Gly

Phe

Leu

Val

Trp

55

Tyr

Val

Ser

Tyr

EP 1 900 814 A1

Leu

Val

Ser

40

Val

Pro

Thr

Ser

Asp
120

Phe

Gln

25

Cys

Arg

Gly

Ile

Leu

105

Asp

Val

10

Ser

Lys

Gin

Asp

Thr

80

Arg

Tyr

51

Val

Gly

Ala

Arg

Gly

75

Ala

Ser

Ser

Ala

Ala

Ser

Pro

60

Glu

Asp

Glu

Phe

an artificially synthesized peptide seguence

Ala

Glu

Gly

45

Gly

Thr

Glu

Asp

Ala
125

Ala

Val

30

Tyr

Lys

lle

Ser

Thr

110

Tyr

Thr

15

Lys

Thr

Gly

Tyr

Thr

95

Ala

Trp

Gly

Lys

Phe

Leu

Asn

80

Ser

Val

Gly

1572
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Gln

Gly

145

Leu

Ser

Phe

Ser

Gly

225

Gly

Gin

Gly

Glu

Gly
305

Gly

130

Gly

Ser

Ser

Gln

Asn

210

Thr

Val

Gly

Ser

Val

290

Tyr

Thr

Ser

Leu

Lys

Gln

195

Leu

Ala

Tyr

Thr

Gly

275

Lys

Thr

Thr

Gly

Pro

Ser

180

Lys

Ala

Phe

Tyr

Lys

260

Gly

Lys

Phe

Val

Gly

Val

165

Leu

Pro

Ser

Thr

Cys

245

Leu

Gly

Pro

Thr

Thr

Val

" 135

Gly

150

Thr

Leu

Gly

Gly

Leu

230

Met

Glu

Gly

Gly

Asn

310

Gly

Pro

His

Gln

Val

215

Lys

Gln

Ile

Ser

Ala

295

Ser

EP 1 900 814 A1

Ser

Ser

Gly

Ser

Ser

200

Pro

lte

His

Lys

GIn

280

Ser

Trp

Ser

Asp

Glu

Asn

185

Pro

Asp

Ser

lle

Gly

265

Val

Val

Met

Gly

e

Pro

170

Gly

Gin

Arg

Arg

Glu

250

Gly

Gin

Lys

Asn

52

Gly

Val

1556

Ala

Asn

Léu

Phe

Val

235

Tyr

Gly

Leu

Val

Trp
315

Gly

140

Met

Ser

Thr

Leu

Ser

220

Glu

Pro

Gly

Val

Ser

300

Val

Gly

Thr

lle

Tyr

Ile

205

Gly

Ala

Phe

Ser

Gln

285

Cys

Arg

Ser

GIn

Ser

Leu

190

Tyr

Ser

Glu

Thr

Gly

270

Ser

Lys

Gin

Gly

Ser

Cys

175

Tyr

Arg

Gly

Asp

Phe

255

Gly

Gly

Ala

Arg

Gly

Pro

160

Arg

Trp

Met

Ser

Val

240

Gly

Gly

Ala

Ser

Pro

320
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Gly

Thr

Glu

Asp

Ala

385

Gly

Thr

lle

Tyr

Ile

465

Gly

Ala

Lys

lle

Ser

Thr

370

Tyr

Ser

Gin

Ser

Leu

450

Tyr

Ser

Glu

Gly

Tyr

Thr

355

Ala

Trp

Gly

Ser

Cys

435

Tyr

Arg

Gly

Asp

Leu

Asn

340

Ser

Val

Gly

Gly

Pro

420

Arg

Trp

Met

Ser

Val
500

Glu
325

Gly

Thr

Tyr

GIn

Gly
405

Leu

Ser

Phe

Ser

Gly

485

Gly

Trp

Lys

Ala

Tyr

Gly

390

Gly

Ser

Ser

Gln

Asn

470

Thr

Val

Ile

Phe

Tyr

Cys

375

Thr

Ser

Leu

Lys

GIn

455

Leu

Ala

Tyr

EP 1 900 814 A1

Gly

Arg

Met

360

Ala

Thr

Gly

Pro

Ser

440

Lys

Ala

Phe

Tyr

Arg

Val

345

Glu

Arg

Val

Gly

Val

425

Leu

Pro

Ser

Thr

Cys
505

lle

330

Arg

Leu

Gly

Thr

Gly

1410

Thr

Leu

Gly

Gly

Leu

490

Met

53

Tyr

Val

Ser

Tyr

Val

395

Gly

Pro

His

GlIn

Val

475

Lys

Gin

Pro

Thr

Ser

Asp

380

Ser

Ser

Gly

Ser

Ser

460

Pro

lle

His

Gly

lle

Leu

Asp

Thr
350

Arg

365

Asp

Ser

Asp

Glu

Asn

445

Pro

Asp

Ser

Ile

Tyr

Gly

lle

Pro

430

Gly

Gin

Arg

Arg

Glu
510

Gly

335

Ala

Ser

Ser

Gly

Val

415

Ala

Asn

Leu

Phe

Val

495

Tyr

Glu

Asp

Glu

Phe

Gly

400,

Met

Ser

Thr

Leu

Ser

480

Glu

Pro
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55

EP 1 900 814 A1

Phe Thr Phe Gly Gin Giy Thr Lys Leu Glu lle

515

<210> 15
211>
<{212> DNA
(213>

<220>
223>

<400> 15

atggactgega

gtecagctee

tgcaaggett

ggaaagggtc

gggaaattca

gagctgagea

gattactegt

ggatccggag

ctctcectege

ctectgeata

ccacagctcce

1572

Artificial

cctggaggtt

tgcagtctes

ctggatacac

ttgagtgegt

ggetcagagt

gectgagate

ttegcttactg

gtggteggate

ccgtcaccee

gtaatggcaa

tgatctatceg

520

cetctttete

acctegagete

cttcaccaac

tggacggatt

cacgattacc

tgaggacacg

gggeccaggega

egeteggtegga

tggagagece

cacttacttg

gatgtccaac

gtegcagcag

aagaagcotg

tcecteggatga

tatceteggag

gogegacgaat

geegtgtatt

accacggtea

ggatcggata

gecteccatet

tattggtace

cttgectcag

54

Lys

an artificially synthesized nucleotide sequence

ctacaggtet

gggoctcagt

actgggtgagz

atggagaaac

ccacgagcac

actgtgecgag

ccgtetette

ttgtgatgac

cctgcaggte

tgcagaageco

gggtecctga

ccagtcccag

gaagetctee

gecagaggect

tatctacaat

agcctacatg

aggctatgat

aggtgegtegt

tcaggetgea

tagtaagagt

agggcagtct

caggttcagt

60

120

180

240

300

360

420

480

540

600

660
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55

ggoagtgegat

gggegtttatt

ctggaaatca

gtgcagcteg

tgcaaggett

ggaaagggtc

gggaaattca

gagctgagca

gattactcgt

ggatcecggag

ctctecectge

ctcctegcata

ccacagctcec

ggcagtggat

ggggtttatt

ctggaaatca

<210> 16

<211> 524
<212> PRT

caggcacage
actgcatgca
aaggaggtge
tegcagtecter
ctggatacac
ttegagtegeget
gggtcagagt
gcctgagatc
ttecttacte
gteggtgegate
ccgtcaccece
gtaatggcaa
tgatcta{cg
caggcacage
actgcatgca

aa

EP 1 900 814 A1

ttttacactg

acatatagaa

tgegatcgegt

acctgaggtg

cttcaccaac

teggacggatt

cacgattacc

tgaggacacg

EgECcageea

ggetggteega

tgegagageeg

cacttacttg

gatgtccaac

ttttacactg

acatatagaa

aaaatcagca

tatcctttta

ggteggteett

aagaagcctg

tcectggatga

tatcectggag

goggacgaat

gcecgtgtatt

accacggtea

ggatcggata

gocctecatet

tattggtace

cttecctcag

aaaatcagca

tatoctttta

55

gagtggaggec

cgttegegcca

CEEeagecee

ggegcctcagt

actgggtegag

atggagaaac

ccacgagcac

-actgtgcgag

ccgtetette

ttgtgatgac

cctgeagegtce

tgcagaagcecce

geggtcectga

gagtggaggc

cgttegegeca

tgaggatgtt

agggaccaaa

tggatcgcag

gaaggtctce

gcagaggect

tatctacaat

agecctacatg

aggctatgat

aggtegteat

tcaggctgca

tagtaagagt

agggcagtct

caggttcagt

tgaggategtt

agggaccaaa

720

780

840

800

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1572
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55

<213> Artificial

<2200
<223>

<400>
Met Asp Trp

1

Val

Pro

Thr

Glu

65

Gly

Thr

Tyr

Gln

Gly
145

Gin

Gly

Asn

50

Trp

Lys

Ala

Tyr

Gly

130

Gly

16

Ser

Ala

35

Ser

Val

Phe

Tyr

Cys

115

Thr

Ser

Thr

GIn

20

Ser

Trp

Gly

Arg

Met

100

Ala

Thr

Gly

Trp

Val

Val

Met

Arg

Val

85

Glu

Arg

Val

Gly

Arg

Gin

Lys

Asn

Ile

70

Arg

lLeu

Gly

Thr

Gly
150

Phe

Leu

Val

Trp

55

Tyr

vai

Ser

Tyr

Val

135

Gly

EP 1 900 814 A1

Leu

vVal

Ser

40

Val

Pro

Thr

Ser

Asp

120

Ser

Ser

Phe

GIn

25

Cys

Arg

Gly

Ile

Leu

105

Asp

Ser

Asp

Val

10

Ser

Lys

GIn

Asp

Thr

90

Arg

Tyr

Gly

lle

56

Val

Gly

Ala

Arg

Gly

75

Ala

Ser

Ser

Gly

Val
155

Ala

Pro

Ser

Pro

60

Glu

Asp

Glu

Phe

Gly

140

NMet

an artificially synthesized peptide sequence

Ala

Glu

Gly

45

Gly

Thr

Glu

Asp

Ala

125

Gly

Thr

Ala

Val

30

Tyr

Lys

lle

Ser

Thr

110

Tyr

Ser

Gln

Thr

15

Lys

Thr

Gly

Tyr

Thr

95

Ala

Trp

Gly

Ala

Gly
Lys
Phe
Feu
Asn
80

Ser
Val
Gly

Gly

Ala
160
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20

25

30

35

40

45

50

55

Leu

Ser

Tyr

Ser

Gly

225

Gly

Gin

Gly

Glu

Gly

305

Gly

Thr

Ser

Ser

Leu

Asn

210

Thr

Val

Gly

Ser

Val

290

Tyr

Lys

Ile

Leu

Lys

Gln

195

Leu

Ala

Tyr

Thr

Gly

275

Lys

Thr

Gly

Tyr

Pro

Ser

180

Lys

Ala

Phe

Tyr

Lys

260

Gly

Lys

Phe

Leu

Asn
340

Val

185

Leu

Pro

Ser

Thr

Cys

245

Leu

Gly

Pro

Thr

Glu
325

Gly

Thr

Leu

Gly

Gly

Leu

230

Met

Glu

Gly

Gly

Asn

310

Trp

Lys

Pro

His

Gin

Val

215

Lys

Gln

lie

Ser

Ala

205

Ser

Val

Phe

EP 1 900 814 A1

Gly Glu Pro Ala Ser

Ser

Ser

200

Pro

lle

His

Lys

GIn

280

Ser

Trp

Gly

Arg

Asn

185

Pro

Asp

Ser

lie

Gly

265

Val

Val

Met

Arg

Val
345

170

Gly

Gin

Arg

Arg

Glu

250

Gly

Gln

Lys

Asn

lie

330

Arg

57

Asn

Leu

Phe

Val

235

Tyr

Gly

Leu

Val

Trp

315

Tyr

Val

Thr

Leu

Ser

220

Glu

Pro

Gly

Val

Ser

300

vVal

Pro

Thr

Ile

Tyr

lle

205

Gly

Ala

Phe

Ser

Gin

285

Cys

Arg

Gly

Ile

Ser

Leu

190

Tyr

Ser

Glu

Thr

Gly

270

Ser

Lys

Gln

Asp

Thr
350

Cys

175

Tyr

Arg

Gly

Asp

Phe

25856

Gly

Gly

Ala

Arg

Gly

335

Ala

Arg

Trp

Met

Ser

Val

240

Gly

Gly

Pro

Ser

Pro

320

Glu

Asp



10

15
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35

40

45

50

55

Glu Ser

Asp Thr
370

Ala Tyr
385

Gly Ser

Thr Gln

lle Ser

Tyr Leu

450

Ile Tyr

465

Gly Ser

Ala Glu

Phe Thr

<210>
<211>

Thr

355

Ala

Trp

Gly

Ala

Cys

435

Tyr

Arg

Gly

Asp

Phe
515

17
1572

Ser

Val

Gly

Gly

Ala

420

Arg

Trp

Met

Ser

Val

500

Gly

Thr

Tyr

Gln

Gly

405

Leu

Ser

Tyr

Ser

Gly

485

Gly

GIn

Ala

Tyr

Gly

390

Gly

Ser

Ser

Leu

Asn

470

Thr

Val

Gly

Tyr

Cys

375

Thr

Ser

Leu

Lys

Gin

455

Leu

Ala

Tyr

Thr

EP 1 900 814 A1

Met

360

Ala

Thr

Gly

Pro

Ser

440

Lys

Ala

Phe

Tyr

Lys
520

Glu

Arg

Val

Gly

Val

425

Leu

Pro

Ser

Thr

Cys

505

Leu

Leu

Gly

Thr

Gly

410

Thr

Leu

Gly

Gly

Leu

490

Met

Glu

58

Ser

Tyr

Val

395

Gly

Pro

His

Gin

Val

475

Lys

GlIn

lle

Ser

Asp

380

Ser

Ser

Gly

Ser

Ser

460

Pro

[le

His

Lys

Leu

365

Asp

Ser

Asp

Glu

Asn

445

Pro

Asp

Ser

Ile

Arg

Tyr

Gly

lle

Pro

430

Gly

Gln

Arg

Arg

Glu
510

Ser

Ser

Gly

Val

415

Ala

Asn

Leu

Phe

Val

495

Tyr

Glu

Phe

Gly

400

Met

Ser

Thr

Leu

Ser

480

Glu

Pro
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<212> DNA
<213>

<220>
<223>

<400> 17
atggactgga

gtecagetgg

tgcaaggett

ggaaagggte

gggaaattca

gagctgagea

gattactcgt

gegatccgegag

ctctececctge

ctcctgcata

ccacagetcce

gegcagtggat

geggegtttatt

ctggaaatca

gtgcagetgg

Artificial

cctgegagegtt

tgcagtctgg

ctggatacac

ttgagtgget

gggtecagagt

gcctgagate

ttegcttacteg

gtegtggatc

ccgtcaccce

gtaatggcaa

tgatctatcg

caggcacagc

actgcatgeca

aaggaggtge

tgcagtctgg

EP 1 900 814 A1

cctotttegte
atctgaggteg
cttcaccaac
tggacggatt
cacgattace
tggggacacg
BEECCcaggega
geggtgegteea
tggagageecg
cacttacttg
gatgtccaac
ttttacactg
acatatagaa
tggatcgeget

atctgaggte

gtggcagcag

aagaagcctg

tcctggatga

tatcctegegag

gceggacgaat

gccgtegtatt

accacggtca

ggatcggata

gocteccatet

tattgegtacec

cttgectcag

aaaatcagca

tatcctttta

ggtggtegtt

aagaagcctg

59

an artificially synthesized nuclieotide sequence

ctacaggtet

gggcoctcagt

actgeggtgag

atggagaaac

ccacgagcac

actgtgcgag

ccgtetette

ttegtegatgac

cctgecaggte

tgcagaagce

gggtccetga

gagtggaggc

cgtteggeeca

CEgELLageces

gggectcagt

ccagtcccag

gaaggtctcece

gcagaggect

tatctacaat

agectacatg

aggctatgat

aggtggtget

tcaggctgca

tagtaagagt

agggcagtet

caggttcagt

tgaggatgtt

agggaccaaa

tggatcgcag

gaaggtctcc

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900



10

15

20

25

30

35

40

45

50

55

tgcaaggett

ggaaagggtc

ggegaaattca

gagctgageca

gattactecgt

gegatccggag

ctctecetec

ctcctgeata

ccacagctce

ggcagtggat

gggegtttatt

ctggaaatca

<{210> 18

<211> 524

{212> PRT

<213>

<2202
223>

<400> 18

ctgegatacac

ttgagtegegt

gggtcagagt

gcctgagate

ttgettactg

gtggtggatce

ccgtcaccecce

gtaatggecaa

tgatctatcg

caggcacagc

actgcatgeca

aa

Artificial

EP 1 900 814 A1

cttcaccaac

tggacgegatt

cacgattacc

tgaggacacg

gggccaggga

ggegtegtagea

tggagageeg

cacttactteg

gatgtccaac:

ttttacactg

acatatagaa

tcctggatga

tatcctggag

gcggacgaat

geecegtegtatt

accacggtca

ggatcggata

gecotecatet

tattgetace

cttgectcag

aaaatcagca

tatcctttta

actgggteag

atggagaaac

ccacgagcac

actgtgcgag

ccgtetotte

ttetgategac

cctgcaggtce

tgcagaagcce

ggegtecctga

gagtggaggc

cgttegegcca

an artificially synthesized peptide sequence

gcagaggccet

tatctacaat

agcctacatg

aggctatgat

aggtggtget

tcaggctgea

tagtaagagt

agggcagtct

caggttcagt

tgaggatgtt

agggaccaaa

Met Asp Trp Thr Trp Arg Phe Leu Phe Val Val Ala Ala Ala Thr Gly

60

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1572
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55

Val

Pro

Thr

Glu

65

Gly

Thr

Tyr

Gln

Gly

145

Leu

Ser

Tyr

Gin

Gly

Asn

50

Trp

Lys

Ala

Tyr

Gly

130

Gly

Ser

Ser

Leu

Ser

Ala

35

Ser

Val

Phe

Tyr

Cys

115

Thr

Ser

Leu

Lys

G!n

Gin

20

Ser

Trp

Gly

Arg

Met

100

Ala

Thr

Gly

Pro

Ser

180

Lys

Val

Val

Met

Arg

Val

85

Glu

Arg

Vai

Gly

Val

165

Leu

Pro

Gln

Lys

Asn

Ie

70

Arg

Leu

Gly

Thr

Gly

150

Thr

Leu

Gly

Leu

Val

Trp

55

Tyr

Val

Ser

Tyr

Val

135

Gly

Pro

His

Gln

EP 1 900 814 A1

vVal

Ser

40

Val

Pro

Thr

Ser

Asp

120

Ser

Ser

Gly

Ser

Ser

Gln

25

Cys

Arg

Gly

lle

Leu

105

Asp

Ser

Asp

Glu

Asn

185

Pro

10

Ser

Lys

Gln

Asp

Thr

90

Arg

Tyr

Gly

[le

Pro

170

Gly

GIn

61

Gly

Ala

Arg

Gly

75

Ala

Ser

Ser

Gly

Val

155

Ala

Asn

Leu

Ser

Ser

Pro

60

Glu

Asp

Glu

Phe

Gly

140

Met

Ser

Thr

Leu

Glu

Gly

45

Gly

Thr

Glu

Asp

Ala

125

Gly

Thr

Ile

Tyr

lle

Val

30

Tyr

Lys

lle

Ser

Thr

110

Tyr

Ser

Gin

Ser

Leu

190

Tyr

15

Lys

Thr

Gly

Tyr

Thr

95

Ala

Trp

Gly

Ala

Cys

175

Tyr

Arg

Lys

Phe

Leu

Asn

80

Ser

Val

Gly

Gly

Ala

160

Arg

Trp

Met
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55

Ser

Gly

225

Gly

Gin

Gly

Glu

Gly

305

Gly

Thr

Glu

Asp

Ala

Asn

210

Thr

val

Gly

Ser

Val

290

Tyr

Lys

lle

Ser

Thr

370

Tyr

195

Leu

Ala

Tyr

Thr

Gly

275

Lys

Thr

Gly

Tyr

Thr

355

Ala

Trp

Ala

Phe

Tyr

Lys

260

Gly

Lys

Phe

Leu

Asn

340

Ser

Val

Gly

Ser

Thr

Cys

245

Leu

Gly

Pro

Thr

Giu

325

Gly

Thr

Tyr

GlIn

Gly

Leu

230

Met

Glu

Gly

Gly

Asn

310

Trp

Lys

Ala

Tyr

Gly

EP 1 900 814 A1

Vali

215

Lys

Gln

lle

Ser

Ala

295

Ser

Val

Phe

Tyr

Cys

375

Thr

200

Pro

lle

His

Lys

Gln

280

Ser

Trp

Gly

Arg

Met

360

Ala

Thr

Asp

Ser

lle

Gly

265

Val

Val

Met

Arg

Val

345

Glu

Arg

Val

62

Arg

Arg

Glu

250

Gly

Gin

Lys

Asn

Ile

330

Arg

Leu

Gly

Thr

Phe

Val

235

Tyr

Gly

Leu

Val

Trp

315

Tyr

Val

Ser

Tyr

Val

Ser

220

Glu

Pro

Gly

Val

Ser

300

Vai

Pro

Thr

Ser

Asp

380

Ser

205

Gly

Ala

Phe

Ser

GlIn

285

Cys

Arg

Gly

lle

Leu

365

Asp

Ser

Ser

Glu

Thr

Gly

270

Ser

Lys

Gin

Asp

Thr

350

Arg

Tyr

Gly

Gly

Asp

Phe

255

Gly

Gly

Ala

Arg

Gly

335

Ala

Ser

Ser

Gly

Ser
Val
240
Gly
Gly
Ser
Ser
Pro
320
Glu
Asp
Glu

Phe

Gly
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385

Gly Ser

Thr GIn

|ie Ser

Tyr Leu

450

Ile Tyr
465

Gly Ser

Ala Glu

Phe Thr

210>
<211>
212>
213>

<220>
<223>

<400>

Gly

Ala

Cys

435

Tyr

Arg

Gly

Asp

Phe
515

19
1572
DNA

Gly

Ala

420

Arg

Trp

Met

Ser

Val

500

Gly

Gly

405

Leu

Ser

Tyr

Ser

Gly

485

Gly

Gin

Artificial

390

Gly

Ser

Ser

Leu

Asn

470

Thr

Val

Gly

EP 1 900 814 A1

Ser

Leu

Lys

Gln

455

Leu

Ala

Tyr

Thr

Gly

Pro

Ser

440

Lys

Ala

Phe

Tyr

Lys
520

Gly

Val

425

Leu

Pro

Ser

Thr

Cys

505

lLeu

Gly

410

Thr

Leu

Gly

Gly

Leu

490

Met

Glu

395

Gly

Pro

His

Gln

Val

475

Lys

Gln

lie

Ser

Gly

Ser

Ser

460

Pro

lle

His

Lys

Asp

Glu

Asn

445

Pro

Asp

Ser

Ile

1le

Pro

430

Gly

Gin

Arg

Arg

Glu
510

an artificially synthesized nuclectide sequence

19

63

Val

415

Ala

Asn

Leu

Phe

Val

495

Tyr

400

Met

Ser

Thr

Leu

Ser

480

Glu

Pro
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55

atggactgga
gtgcagetgg
tgcaagegctt
ggaaagggtc
gggaaattca
gagctgageca
gattactegt
ggatccegegag
ctctecctee
ctcctgcata
ccacagectcc
gegcagtggat
geggegtttatt
ctggaaatca
gtgcagetgg
Fgcaaggctt
ggaaagggte

ggegaaattca

cctggagett

tgcagtetgg

cteggatacac

ttgagtggat

geggtcagagt

gcctgagatce

ttgcttactg

gtgetegeatc

ccgtcacccee

gtaatggcaa

tgatctateg

caggcacagc

actgcatgea

aaggaggtsgg

tgcagtctegg

ctggatacac

ttgagtggat

gggtcagagt

EP 1 900 814 A1

ccteotttegte

acctgaggte

cttcaccaac

tggacggatt

cacgattacce

tgaggacacg

BEggCcCcaggga

gegteegtegga

tggagagecg

cacttactteg

gatgtccaac

ttttacactg

acatatagaa

tggatcgeget

acctgaggtg

cttcaccaac

tggacggatt

cacgattacc

gtgecageag

aagaageccectg

tcctggatga

tatcctggag

gogegacgaat

googtgtatt

accacggtca

ggatcggata

gectecatet

tattggttce

cttgcctecag

aaaatcagca

tatcctttta

geteggtegtt

aagaagcectg

tcctggatea

tatcctggag

gcggacgaat

64

ctacaggtegt
ggecctoagt
actgggteag
atggagaaac
ccacgagesac
actgtgogag
ccgtectette
ttgtgatgac
cctgecaggte
tgcagaagce
gggtcectga
gagtggaggc
cgtteggeca
CEZEZAaggecEe
gggectcagt
actgggtgag
atggagaaac

ccacgagcac

ccagtceccag
gaaggtctce
gcagaggcect
tatctacaat
agcctacatg
aggctatgat
aggteggtaggt
tcagtctcca
tagtaagagt
ggggcagtct
caggttcagt
tgaggatgtt
agggaccaaa
tgga?cgcag
gaaggtctce
gcagaggcect
tatctacaat

agcctacatg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080
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gagctgagea

gattactcgt

ggatccggag

ctctccectge

ctcctgecata

ccacagctec

ggcagtggat

ggggtttatt

ctggaaatca

<210> 20

211> 524

<212> PRT

<213>

<220>
223>

<400> 20

gcctgagatce

ttgettactg

gtggtggatce

ccgtecaccce

gtaatggcaa

tgatctateg

caggcacagec

actgcatgea

aa

Artificial

EP 1 900 814 A1

tgaggacacg

ggegccaggea

ggegteegtegea

tggagageeg

cacttacttg

gatgtccaac

ttttacactg

acatatagaa

gececgtgtatt

accacggtea

ggatcgegata

gcctcecatect

tattggttce

cttgcctcag

aaaatcagca

tatcctttta

actgtgcgag

ccgtectette

ttgtgateac

cctgcaggtce

tgcagaagcce

ggegteectga

gagteggaggc

cgttegecca

an artificially synthesized peptide sequence

aggctatgat

aggtggtggt

tcagtctcca

tagtaagagt

aggegcagtet

caggttcagt

tgaggatgtt

agggaccaaa

Met Asp Trp Thr Trp Arg Phe Leu Phe Val Val Ala Ala Ala Thr Gly

1

5

10

15

Val Gln Ser GIn Val Gin Leu Val Gln Ser Gly Pro Glu Val Lys Lys

20

25

30

Pro Gly Ala Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe

35

40

65

45

1140

1200

1260

1320

1380

1440

1500

1560

1672
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Thr

Glu

65

Gly

Thr

Tyr

Gln

Gly

145

Leu

Ser

Phe

Ser

Gly
225

Asn

50

Trp

Lys

Ala

Tyr

Gly

130

Gly

Ser

Ser

Leu

Asn

210

Thr

Ser
Ite
Phe
Tyr
Cys
115
Thr
Ser
Leu
Lys
Gin
195

Leu

Ala

Trp

Gly

Arg

Met

100

Ala

Thr

Giy

Pro

Ser

180

Lys

Ala

Phe

Met

Arg

Val

85

Glu

Arg

Val

Gly

Val

165

Leu

Pro

Ser

Thr

Asn

lle

70

Arg

Leu

Gly

Thr

Gly

150

Thr

Leu

Gly

Gly

Leu

230

Trp

55

Tyr

Val

Ser

Tyr

Val

135

Gly

Pro

His

Gln

Val

215

Lys

EP 1 900 814 A1

Val

Pro

Thr

Ser

Asp

Ser

Ser

Gly

Ser

Ser

200

Pro

Ile

Arg

Gly

lle

Leu

105

Asp

-120 -

Ser

Asp

Glu

Asn

185

Pro

Asp

Ser

Gin

Asp

Thr

90

Arg

Tyr

Gly

lle

Pro

170

Gly

Gln

Arg

Arg

66

Arg

Gly

75

Ala

Ser

Ser

Gly

Val

155

Ala

Asn

Leu

Phe

Val
235

Pro

60

Glu

Asp

Glu

Phe

Gly

140

Met

Ser

Thr

Leu

Ser

220

Glu

Gly

Thr

Glu

Asp

Ala

125

Gly

Thr

lie

Tyr

lle

205

Gly

Ala

Lys

lle

Ser

Thr

110

Tyr

Ser

Gin

Ser

Leu

190

Tyr

Ser

Glu

Gly

Tyr

Thr

95

Ala

Trp

Gly

Ser

Cys

175

Tyr

Arg

Gly

Asp

Leu

Asn

80

Ser

Val

Gly

Gly

Pro

160

Arg

Trp

Met

Ser

Val
240
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Gly

Gln

Gly

Glu

Gly

305

Gly

Thr

Glu

Asp

Ala

385

Gly

Thr

Val

Gly

Ser

Val

290

Tyr

Lys

lle

Ser

Thr

370

Tyr

Ser

Gln

Tyr

Thr

Gly

275

Lys

Thr

Gly

Tyr

Thr

355

Ala

Trp

Gly

Ser

Tyr

Lys

260

Gly

Lys

Phe

Leu

Asn

340

Ser

val

Gly

Gly

Pro

420

Cys

245

Leu

Gly

Pro

Thr

Glu

325

Gly

Thr

Tyr

Gin

Gly

405

Leu

Met

Glu

Gly

Gly

Asn

310

Trp

Lys

Ala

Tyr

Gly

390

Gly

Ser

Gln

lle

Ser

Ala

295

Ser

[le

Phe

Tyr

Cys

375

Thr

Ser

Leu

EP 1 900 814 A1

His

Lys

Gln

280

Ser

Trp

Gly

Arg

Met

360

Ala

Thr

Gly

Pro

e

Gly

265

Val

Val

Met

Arg

Val

345

Glu

Arg

Val

Gly

Val
425

Glu

250

Gly

G!n

Lys

Asn

Ile

330

Arg

Leu

Gly

Thr

Gly

410

Thr

67

Tyr

Gly

Leu

Val

Trp

315

Tyr

Val

Ser

Tyr

Val

395

Gly

Pro

Pro

Gly

Val

Ser

300

Val

Pro

Thr

Ser

Asp

380

Ser

Ser

Gly

Phe

Ser

Gln

285

Cys

Arg

Gly

lle

Leu

365

Asp

Ser

Asp

Glu

Thr

Gly

270

Ser

lys

Gln

Asp

Thr

350

Arg

Tyr

Gly

lle

Pro
430

Phe

255

Gly

Gly

Ala

Arg

Gly

335

Ala

Ser

Ser

Gly

Val

415

Ala

Gly

Gly

Pro

Ser

Pro

320

Glu

Asp

Glu

Phe

Gly

400

Met

Set
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EP 1 900 814 A1

|le Ser Cys Arg Ser Ser Lys Ser Leu Leu His Ser Asn Gly Asn Thr
435 440 445

Tyr Leu Tyr Trp Phe Leu GIn Lys Pro Gly GIn Ser Pro 6in Leu Leu
450 455 460

l1le Tyr Arg Met Ser Asn Leu Ala Ser Gly Val Pro Asp Arg Phe Ser
465 470 475 480

Gly Ser Gly Ser Gly Thr Ala Phe Thr Leu Lys lle Ser Arg Val Glu
485 490 495

Ala Glu Asp Val Gly Val Tyr Tyr Cys Met GIn His lie Glu Tyr Pro
500 - 505 ’ 510

Phe Thr Phe Gly GIn Gly Thr Lys Leu Glu tle Lys

515 520

210> 21

<211> 1572
<212> DNA

<213> Artificial

<220>

<223> an artificially synthesized nucleotide sequence

<400> 21
atggactgga cctggaggtt cctetttegtg gtggcagecag ctacaggtgt ccagtcccag

gtgcagetge tgcagtctgeg acctgaggtg aagaagectg gggectcagt gaaggtctec

tgcaaggctt ctggatacac cttcaccaac tcctggatga actggegtgag gocagaggoct

ggaaagggtc ttgagtggat gggacggatt tatcctggag atggagaaac tatctacaat

68

60

120

180

240
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ggegaaattca
gagctgagea
gattactcgt
ggatccggag
ctotccotege
ctcctgecata
ccacagctcc
gegcagtggat
geggegtttatt
ctggaaatca
gtgcagectigg
tegcaaggctt
ggaaagggtc
gggaaattca
gagctgagca
gaftactcgt
ggatccggag

cteteoctege

geggtcagagt

gcectgagate

ttegcttactg

gtggtgegate

cecgtcaccce

gtaatggcaa

tgatctatceg

Caggcdacagce

actgcatgceca

aaggaggteg

tgcagtctgg

ctggatacac

ttgagtggat

gggtcagagt

gecctgagatc

ttecttacte

gtgegtggate

ccgtcaccce

EP 1 900 814 A1

cacgattacce

tgaggacacg

EEECCAggga

gegtggtgga

tggagageccy

cacttacttg

gatgtccaac

ttttacactg

acatatagaa

tggatcgeget

acctgaggtg

cttcaccaac

gggacgegatt

cacgattacc

tgaggacacg

gggccagegea

gggtegtegea

tgegagagcce

gcggacgaat

gecgtgtatt

accacggtca

ggatceggata

gcctccatet

tattggttce

cttgccteag

aaaatcagca

tatcctttta

getggtegtt

aagaagcctg

tcctggatga

tatcctggag

gcggacgaat

gecegtgtatt

accaceggtca

ggatcggata

goctoceatcet

69

CCacgagcac

actgtgcgag

cegtetette

ttetegatgac

cctgecaggte

agcagaagce

geggtcecctga

gagtggaggc

cgtteggcca

Cggegagecesg

gggectcagt

actggetzag

atggagaaac

ccacgagcac

actgtgcgag

cogtotette

ttgtgatgac

cctgcagegte

agcctacatg

aggctatgat

aggteggtegt

tcagtctgca

tagtaagagt

agggcagtoet

caggttcagt

tgaggatgtt

agggaccaaa

tggatcgcag

gaaggtctce

gcagaggeot

tatctacaat

agcctacatg

aggctatgat

aggteggtest

tcagtctgea

tagtaagagt

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320



10

15

20

25

30

35

40

45

50

55

EP 1 900 814 A1

ctcetgeata gtaatgegcaa cacttacttg tattgegttcc agcagaagec agggcagtct
ccacagectcc tgatctatcg gatgtccaac cttgectcag ggegtcoctga
ggcagtggat caggcacagc ttttacactg aaaatcagca gagteggagge tgaggatgtt

ggegetttatt actgcatgca acatatagaa tatcctttta cgttcggcca

ctggaaatca aa

<210> 22
<211> 524
<212> PRT
213> Artificial

<220>

£223> an artificially synthesized peptide sequence

<400> 22
Met Asp Trp Thr Trp Arg Phe Leu
1 5

Val Gln Ser GIn Val Gin Leu Val
20

Pro Gly Ala Ser Val Lys Val_Ser
35 40

Thr Asn Ser Trp Met Asn Trp Val
50 55

Glu Trp Met Gly Arg lle Tyr Pro
65 70

Phe Val Val Ala Ala Ala Thr Gly
10 16

Gln Ser Gly Pro Glu Val Lys Lys
25 30

Cys Lys Ala Ser Gly Tyr Thr Phe
45

Arg GIn Arg Pro Gly Lys Gly Leu
60

Gly Asp Gly Glu Thr lle Tyr Asn
75 80

70

caggttcagt

agggaccaaa

1380

1440

1500

1560

1572
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55

Gly

Thr

Tyr

Gln

Gly

145

lLeu

Ser

Phe

Ser

Gly

225

Gly

GlIn

Lys

Ala

Tyr

Gly

130

Gly

Ser

Ser

Gin

Asn

210

Thr

Val

Gly

Phe

Arg

Vai
85

Tyr WMet Glu

Cys

115

Thr

Ser

Leu

Lys

100

Ala

Thr

Gly

Pro

Ser

180

Gin

195

Leu

Ala

Tyr

Thr

Lys

Ala

Phe

Tyr

Lys
260

Arg

Val

Gly

Val

165

Leu

Pro

Ser

Thr

Cys

245

Leu

Arg

Leu

Gly

Thr

Gly

150

Thr

Leu

Gly

Gly

Leu

230

Met

Glu

Val

Ser

Tyr

vVal

135

Gly

Pro

His

Gin

Val

215

Lys

Gin

lle

EP 1 900 814 A1

Thr

Ser

Asp

120

Ser

Ser

Gly

Ser

Ser

200

Pro

Ile

His

Lys

lle

Leu

105

Asp

Ser

Asp

Glu

Asn

185

Pro

Asp

Ser

lle

Gly
265

Thr

90

Arg

Tyr

Gly

lie

Pro

170

Gly

Gln

Arg

Arg

Glu

250

Gly

71

Ala

Ser

Asp

Glu

Glu

Asp

Ser Phe Ala

Gly

Val

155

Ala

Asn

Leu

Phe

Val

235

Tyr

Gly

Gly

125

Gly

140

Met

Ser

Thr

Leu

Ser

220

Glu

Pro

Gly

Thr

lle

Tyr

lle

205

Gly

Ala

Phe

Ser

Ser

Thr

110

Tyr

Ser

Gin

Ser

Leu

190

Tyr

Ser

Glu

Thr

Gly
270

Thr

95

Ala

Trp

Gly

Ser

Cys

175

Tyr

Arg

Gly

Asp

Phe

255

Gly

Ser

Val

Gly

Giy

Ala

160

Arg

Trp

Met

Ser

Val

240

Gly

Gly
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Gly

Giu

Gly

305

Gly

Thr

Glu

Asp

Ala

385

Gly

Thr

lle

Tyr

Ser

Val

290

Tyr

Lys

lle

Ser

Thr

370

Tyr

Ser

Gin

Ser

Leu
450

Gly

275

Lys

Thr

Giy

Tyr

Thr

355

Ala

Trp

Gly

Ser

Cys

435

Tyr

Gly

Lys

Phe

Leu

Asn

340

Ser

Val

Gly

Gly

Ala

420

Arg

Trp

Gly

Pro

Thr

Glu

325

Gly

Thr

Tyr

GIn

Gly

405

Leu

Ser

Phe

Gly

Gly

Asn

310

Trp

Lys

Ala

Tyr

Gly

390

Gly

Ser

Ser

Gin

Ser

Ala

295

Ser

Met

Phe

Tyr

Cys

375

Thr

Ser

Leu

Lys

Gln
455

EP 1 900 814 A1

Gln

280

Ser

Trp

Gly

Arg

Met

360

Ala

Thr

Gly

Pro

Ser

440

Lys

Val

val

Met

Arg

Val

345

Glu

Arg

Val

Gly

Val

425

Leu

Pro

Gln

Lys

Asn

lle

330

Arg

Leu

Gly

Thr

Gly

410

Thr

Leu

Gly

72

Leu

Val

Trp

315

Tyr

Val

Ser

Tyr

Val

395

Gly

Pro

His

Gin

Val

Ser

300

Val

Pro

Thr

Ser

Asp

380

Ser

Ser

Gly

Ser

Ser
460

Gln

285

Cys

Arg

Gly

Ile

Leu

365

Asp

Ser

Asp

Glu

Asn

445

Pro

Ser

Lys

Gin

Asp

Thr

350

Arg

Tyr

Gly

lle

Pro

430

Gly

Gln

Gly

Ala

Arg

Gly

335

Ala

Ser

Ser

Gly

Val

415

Ala

Asn

Leu

Pro

Ser

Pro

320

Glu

Asp

Glu

Phe

Gly

400

Met

Ser

Thr

Leu
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Ile Tyr Arg
465

Gly Ser Gily

Ala Glu Asp

Phe Thr Phe
515

<210> 23

<211> 1572
<212> DNA
213> Arti

220>
223>

<400> 23
atggactgga

gtgecagetgg
tgcaaggcft
ggaaagggtc
gggaaattca
gagctgagca

gattactcgt

EP 1 900 814 A1

Met Ser Asn Leu Ala Ser Gly Val Pro Asp Arg Phe Ser
470

475

480

Ser Gly Thr Ala Phe Thr Leu Lys lle Ser Arg Vail Glu

485

490

495

val Gly Val Tyr Tyr Cys Met Gin His Ile Glu Tyr Pro
510

500

505

Gty GIn Gly Thr Lys Leu Glu lle Lys

ficial

cctegagett

tgecagteteg

ctggatacac

ttgagtggat

geggtcagagt

gectgagate

ttgcttacte

520

cctotttete

acctgaggteg

cttcaccaac

gggacggatt

cacgattacce

tgaggacacg

gEB8ccagegega

gtezecagcag

aagaagcctg

tcctggatga

tatcctggag

gegegacgaat

gecgtgtatt

accacggtca

73

an artificially synthesized nucleotide sequence

ctacaggtsat

gggectecagt

actgggtgag

atggagaaac

ccacgagcac

actgtgegag

ccgtetette

ccagtcccag

gaaggtctce

gcagaggecct

tatctacaat

agcctacatg

aggctatgat

aggtegsteet

60

120

180

240

300

360

420
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ggatccggag
ctctcectec
ctcoctgcata
ccacagctce
ggcagtggat
gegggtttatt
ctggaaatca
gtgecagetgg
tgcaaggett
ggaaaggegtc
gegaaattea
gagctgagea
gattactcgt
ggatccgegag
ctctccetge
cfbctgcata
ccacagctcc

ggcagtggat

gtggteggatc

ccgtcaccco

gtaatggcaa

tgatctateg

caggcacagec

actgcatgca

aaggaggteg

tgcagtetegg

ctggatacac

ttgagtggat

gggtoagagt

gcctgagatc

ttgcttacte

gtggtgeatc

ccgteaccece

gtaatggcaa

tgatctatcg

caggcacagc

EP 1 900 814 A1

ggetggtgga

tggagageeg

cacttacttg

gatgtccaac

ttttacacte

acatatagaa

tegatcgeget

acctgaggte

cttcaccaac

geggacggatt

cacgattacc

tgaggacacg

gggccagega

gegtggtgga

tggagagecg

cacttacttg

gatgtccaac

ttitacactg

ggatcggata

gectecatet

tattggttee

cttgecteag

aaaatcagca

tatcctttta

egetgeteegtt

aagaagcetg

tcectggatea

tatcctggag

gcggacgaat

gecgtgtatt

accacggtca

ggatcggata

gectccatet

tattggttee

cttgectecag

aaaatcagca

74

ttetgategac

cctgecaggte

agcagaagcec

gggtecectga

gagtggagec

cgttcggeca

CEEEgageces

gggectecagt

actgggtgag

atggagaaac

ccacgagcac

actgtegcgag

cecgtetotte

ttgtgatgac

cctgecaggtce

agcagaagcc

gggtcectga

gagtggagec

tcagtcteca
tagtaagagt
aggegcagtct
caggttcagt
tgaggatgtt
agggaccaaa
tggatcgcag
gaaggtctce
gcagaggoect
tatctacaat
agcctacatg
aggctatgat
aggtggtget
tcagtctcca
tagtaagagt
agggecagtet
caggttcagt

tgaggatagtt

480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440

1500
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ggeggtttatt actgcatgca acatatagaa tatcctttta cgttcggcca agggaccaaa

ctggaaatca aa

<210>
211>
{212>
213>

220>
<223>

<400>
Met Asp

1

Val GIn

Pro Gly

Thr Asn

50

Glu Trp

65

Gly Lys

Thr Ala

Tyr Tyr

24
524
PRT

Artificial

EP 1 900 814 A1

an artificially synthesized peptide sequence

24
Trp

Ser

Ala

35

Ser

Met

Phe

Tyr

Cys

Thr

Gln

20

Ser

Trp

Gly

Arg

Met

100

Ala

Trp
Yal
Val
Met
Arg
val
85

Glu

Arg

Arg

Gln

Lys

Asn

lle

70

Arg

Leu

Gly

Phe
Leu
Val
Trp
55

Tyr
val

Ser

Tyr

Leu

Val

Ser

40

Val

Pro

Thr

Ser

Asp

Phe

GIn

25

Cys

Arg

Gly

e

Leu

105

Asp

Val

10

Ser

Lys

Gin

Asp

Thr

90

Arg

Tyr

75

Val

Gly

Ala

Arg

Gly

75

Ala

Ser

Ser

Ala

Pro

Ser

Pro

60

Glu

Asp

Glu

Phe

Ala

Glu

Gly

45

Gly

Thr

Glu

Asp

Ala

Ala

Val

30

Tyr

Lys

lle

Ser

Thr

110

Tyr

Thr

15

Lys

Thr

Gly

Tyr

Thr

95

Ala

Trp

Gly

Lys

Phe

Leu

Asn

80

Ser

Val

Gly

1560

1572
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GIn

Gly

145

Leu

Ser

Phe

Ser

Gly

225

Gly

Gln

Gly

Glu

Gly

Gly

130

Gly

Ser

Ser

Gin

Asn

210

Thr

Val

Gly

Ser

Val

290

Tyr

115

Thr

Ser

Leu

Lys

Gin

195

Leu

Ala

Tyr

Thr

Gly

275

Lys

Thr

Thr

Gly

Pro

Ser

180

Lys

Ala

Phe

Tyr

Lys

260

Gly

Lys

Phe

Val

Gly

Val

165

Leu

Pro

Ser

Thr

Cys

248

Leu

Gly

Pro

Thr

Thr

Gly

150

Thr

Leu

Gly

Gly

Leu

230

Met

Glu

Gly

Gly

Asn

Val

135

Gly

Pro

His

GIn

Val

215

Lys

GIn

lle

Ser

Ala

205

Ser

EP 1 900 814 A1

120

Ser

Ser

Gly

Ser

Ser.

200

Pro

Ile

His

Lys

Gln

280

Ser

Trp

Ser

Asp

Glu

Asn

185

Pro

Asp

Ser

lie

Gly

265

Val

Val

Net

Gly

lle

Pro

170

Gly

GIn

Arg

Arg

Glu

250

Gly

Gln

Lys

Asn

76

Gly

Val

155

Ala

Asn

Leu

Phe

Val

235

Tyr

Gly

Leu

Val

Trp

Gly

140

Met

Ser

Thr

Leu

Ser

220

Glu

Pro

Gly

Val

Ser

300

Val

125

Gly

Thr

Ile

Tyr

lie

205

Gly

Ala

Phe

Ser

Gln

285

Cys

Arg

Ser

Gin

Ser

Leu

190

Tyr

Ser

Glu

Thr

Gly

270

Ser

Lys

Gin

Gly

Ser

Cys

175

Tyr

Arg

Gly

Asp

Phe

255

Gly

Gly

Ala

Arg

Gly

Pro

160

Arg

Trp

Met

Ser

Val

240

Gly

Gly

Pro

Ser

Pro



10

15

20

25

30

35

40

45

50

55

305

Gly

Thr

Glu

Asp

Ala

385

Gly

Thr

lle

Tyr

lle

465

Gly

Ala

Lys

lle

Ser

Thr

370

Tyr

Ser

Gin

Ser

Leu

450

Tyr

Ser

Glu

Gly

Tyr

Thr

355

Ala

Trp

Gly

Ser

Cys

435

Tyr

Arg

Gly

Asp

Leu

Asn

340

Ser

Val

Gly

Gly

Pro

420

Arg

Trp

Met

Ser

val

Glu
325
Gly
Thr
Tyr
Gin
Gly
405
Leu
Ser
Phe

Ser

Giy
485

Gly

310

Trp

Lys

Ala

Tyr

Gly

390

Gly

Ser

Ser

Gln

Asn

470

Thr

val

Met

Phe

Tyr

Cys

375

Thr

Ser

Leu

Lys

Gln

455

Leu

Ala

Tyr

EP 1 900 814 A1

Gly

Arg

Met

360

Ala

Thr-

Gly

Prao

Ser

440

Lys

Ala

Phe

Tyr

Arg lle
330

Val Arg
345

Giu Leu

Arg Gly

Val -Thr

Gly Gly

410

Val Thr

425

Leu Leu

Pro Gly

Ser Gly

Thr Leu

490

Cys Met

77

315

Tyr

Val

Ser

Tyr

Val

395

Gly

Pro

His

Gln

vVal

475

Lys

GIn

Pro

Thr

Ser

Asp

380

Ser

Ser

Gly

Ser

Ser

460

Pro

Ie

His

Gly

lie

Leu

365

Asp

Ser

Asp

Glu

Asn

445

Pro

Asp

Ser

Ile

Asp

Thr

350

Arg

Tyr

Gly

lle

Pro

430

Gly

Gin

Arg

Arg

Glu

Gly

335

Ala

Ser

Ser

Gly

Val

415

Ala

Asn

Leu

Phe

Val

495

Tyr

320

Glu

Asp

Glu

Phe

Gly

400

Met

Ser

Thr

Leu

Ser

480

Glu

Pro
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500

EP 1 900 814 A1

505

Phe Thr Phe Gly Gln Gly Thr Lys Leu Glu lle

515

<210> 25
211>
<212> DNA
213>

{220>
<223>

<400> 25 -
atggactgga

gtgcagetgg
tgcaaggeott
ggaaagggte
gggaaattca
aggctgagca
gattactcgt
ggatccggag
ctctccctgc
ctcctgecata

ccacagctee

1572

Artificial

cctggaggtt

tgcagtctes

ctggatacac

ttgagtgget

gggtcagagt

gcctgagatce

ttgcttacte

gteggtegate

ccgtcaecce

gtaatggcaa

tgatctateg

520

cctetttete

acctgaggtg

cttcaccaac

tggacggatt

cacgattacc

tgaggacacg

gggccagega

gggtegetega

tggagageceg

cacttactteg

gatgteccaac

gteggcagcag

aagaagecctg

tcctggatga

tatcctggag

gcggacgaat

geecgtgtatt

accacggtca

gegatcggata

gecctccatcet

tattgegtace

cttgcctcag

78

510

Lys

an artificially synthesized nucleotide sequence

ctacaggtgt
gggeetecagt
actgggtegag
atggagaaac
ccacgagcac
actgtgegag
cogtetotte
ttgtgatgac
cctgcaggtc
tgcagaagec

ggegtocctga

ccagtcccag

gaaggtctce

gcagaggcot

tatctacaat

agcctacatg

aggctatgat

aggtegteet

tcaggctgea

tagtaagagt

agggcagtet

caggttcagt

60

120

180

240

300

360

420

480

540

600

660
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ggcagtggat
ggggtttat{
ctggaaatca
gtgocagctee
tgcaaggett
ggaaagegtc
gggaaattea
aggctgageca
gattactegt
ggatccggag
ctcteectze
ctcctgecata
ccacagctcc
ggcagtggat
ggggtttatt
ctggaaatca

{210> 26
<211> 524

caggcacagce

actgcatgca

aaggaggteeg

tgcagtctegg

ctggatacac

ttegagtgeet

gggteagagt

gcctgagate

ttgettactg

gtggtgegatc

ccgtcacece

gtaatggcaa

tgatctatcg

caggcacage

actgcatgea

aa

EP 1 900 814 A1

ttttacactsg

acatatagaa

tggatcgegt

acctgagegtg

cttcaccaac

tggacgegatt

cacgattacc

tgaggacacg

gggecaggga

gegtegtega

tggagagecog

cacttacttg

gatgtccaac

ttttacactg

acatatagaa

aaaatcagca

tatcctttta

ggtgetagtt

aagaagcctg

tcctggatga

tatcctegag

gecggacgaat

geecgtgtatt

accacggtca

ggatcggata

gecctecatet

tattgegtace

cttgectcag

aaaatcageca

tatcctttta

79

gagtggagec

cgttcggcca

CEEgagecee

geggcctoagt

actgggtgag

atggagaaac

ccacgageac

actgtecegag

ccgtetette

ttegtegategac

cctgecagegte

tgcagaagee

gggtcecctga

gagtggagec

cgttcggeca

tgaggatgtt

agggaccaaa

tggatcgeag

gaaggtctce

gcagaggect

tatctacaat

agcctacatg

aggctatgat

aggtgetggt

tcaggctaca

tagtaagagt

aggecagtct

caggttcagt

tgaggatgtt

agggaccaaa

720

780

840

900

8960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1572
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212>
{213>

220>
223>

<400>

PRT

Artificial

EP 1 900 814 A1

an artificially synthesized peptide sequence

26

Met Asp Trp Thr Trp Arg

1

Val

Pro

Thr

Glu

65

Gly

Thr

Tyr

Glin

Gly
145

Gin

Gly

Asn

50

Trp

Lys

Ala

Tyr

Gly

130

Gly

Ser

Ala

35

Ser

Val

Phe

Tyr

Cys

115

Thr

Ser

Gin

20

Ser

Trp

Gly

Arg

Met

100

Ala

Thr

5

Val

Val

Met

Arg

Val

85

Arg

Arg

Val

Gly

Gln

Lys

Asn

lle

70

Arg

Leu

Gly

Thr

Gly
150

Phe

Leu

Val

Trp

55

Tyr

Val

Ser

Tyr

Val

135

Gly

Leu

Val

Ser

40

Val

Pro

Thr

Ser

Asp

120

Ser

Ser

Phe

Gln

25

Cys

Arg

Gly

lte

Leu

105

Asp

Ser

Asp

Val

10

Ser

Lys

Gln

Asp

Thr

90

Arg

Tyr

Gly

lie

80

Val

Gly

Ala

Arg

Gly

75

Ala

Ser

Ser

Gly

Val
155

Ala

Pro

Ser

Pro

60

Glu

Asp

Glu

Phe

Gly

140

Met

Ala

Glu

Gly

45

Gly

Thr

Glu

Asp

Ala

125

Gly

Thr

Ala

Vali

30

Tyr

Lys

lle

Ser

Thr

110

Tyr

Ser

Gln

Thr

15

Lys

Thr

Gly

Tyr

Thr

95

Ala

Tro

Gly

Ala

Gly

Lys

Phe

Leu

Asn

80

Ser

Val

Gly

Gly

Ala
160
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Leu

Ser

Tyr

Ser

Gly

225

Gly

Gln

Gly

Glu

Gly

305

Gly

Thr

Ser

Ser

Leu

Asn

210

Thr

Val

Gly

Ser

Val

290

Tyr

Lys

Ile

Leu

Lys

Gln

195

Leu

Ala

Tyr

Thr

Gly

2175

Lys

Thr

Gly

Tyr

Pro

Ser

180

Lys

Ala

Phe

Tyr

Lys

260

Gly

Lys

Phe

Leu

Asn

340

Val

165

Leu

Pro

Ser

Thr

Cys

245

Leu

Gly

Pro

Thr

Glu

325

Gly

Thr

Leu

Gly

Gly

Leu

230

Met

Glu

Gly

Gly

Asn

310

Trp

Lys

Pro

His

Gin

Val

215

Lys

GIn

lle

Ser

Ala

295

Ser

Val

Phe

EP 1 900 814 A1

Gly

Ser

Ser

200

Pro

lle

His

Lys

Gin

280

Ser

Trp

Gly

Arg

Glu

Asn

185

Pro

Asp

Ser

lle

Gly

265

Val

Val

Met

Arg

Val
345

Pro

170

Gly

Gln

Arg

Arg

Glu

250

Gly

GlIn

Lys

Asn

Ile

330

Arg

81

Ala

Asn

Leu

Phe

Val

235

Tyr

Gly

Leu

Val

Trp

316

Tyr

val

Ser

Thr

Leu

Ser

220

Glu

Pro

Gly

Val

Ser

300

Val

Pro

Thr

lle

Tyr

Ile

205

Gly

Ala

Phe

Ser

Glin

285

Cys

Arg

Gly

Ile

Ser

Leu

190

Tyr

Ser

Glu

Thr

Gly

270

Ser

Lys

Gin

Asp

Thr
350

Cys

175

Tyr

Arg

Gly

Asp

Phe

255

Gly

Gly

Ala

Arg

Gly

335

Ala

Arg

Trp

Met

Ser

Val

240

Gly

Gly

Pro

Ser

Pro

320

Glu

Asp
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Glu Ser

Asp Thr
370

Ala Tyr
385

Gly Ser

Thr Gin

lie Ser

Tyr Leu

450

lle Tyr

465

Gly Ser

Ala Glu

Phe Thr

Thr

355

Ala

Trp

Gly

Ala

Cys

435

Tyr

Arg

Gly

Asp

Phe
515

<210> 27

Ser

Val

Gly

Gly

Ala

420

Arg

Trp

Met

Ser

Val

500

Gly

Thr

Tyr

GIn

Gly

405

Leu

Ser

Tyr

Ser

Gly

485

Gly

Gin

Ala

Tyr

Gly

390

Gly

Ser

Ser

Leu

Asn

470

Thr

Val

Gly

Tyr

Cys

375

Thr

Ser

Leu

Lys

Gln

455

Leu

Ala

Tyr

Thr

EP 1 900 814 A1

Met

360

Ala

Thr

Gly

Pro

Ser

440

Lys

Ala

Phe

Tyr

Lys
520

Arg

Arg

vVal

Gly

Val

425

Leu

Pro

Ser

Thr

Cys

505

Leu

Leu

Gly

Thr

Gly

410

Thr

Leu

Gly

Gly

Leu

490

Met

Glu

82

Ser

Tyr

Val

395

Gily

Pro

His

Glin

Val

475

Lys

GIn

lle

Ser

Asp

380

Ser

Ser

Gly

Ser

Ser

460

Pro

lle

His

Lys

Leu

365

Asp

Ser

Asp

Glu

Asn

445

Pro

Asp

Ser

Ile

Arg

Tyr

Gly

lie

Pro

430

Gly

Gin

Arg

Arg

Glu
510

Ser

Ser

Gly

Val

415

Ala

Asn

Leu

Phe

Val

495

Tyr

Glu

Phe

Gly

400

Met

Ser

Thr

Leu

Ser

480

Glu

Pro
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Q211>
<212> DNA
<213>

<220>
<223>

<400> 27
atggactgga

gtegcagetgg

tgcaaggett

ggaaagggtc

geggaaattca

gagctgageoa

gattactegt

ggatccggag

ctctcecctge

ctcctgcata

ccacagctece

ggcagtggat

ggggtttatt

ctggaaatca

1572

Artificial

cctggaggtt

tegcagtctge

cteggatacac

ttgagteeet

gegegcagagt

geectgagatc

ttgettactg

gtegegteggatc

ccgtecaccce

gtaatggcaa

tgatctateg

caggcacagc

actgcatgca

aaggaggtee

EP 1 900 814 A1

cctetttegte

acctgaggtg

cttcaccaac

tgegacggatt

cacgattacc

tgaggacacg

gggccaggega

geggtegtega

tegagagcceg

cacttacttg

gatgtccaac

ttttacactg

acatatagaa

tggatcgeet

gtgegecageag
aagaagcctg
tcctggatea
tatcctegegag
geggacgaat
gecegtgtatt
accacggtca
ggatcggata
goctecateot
tatteggtace
cttgcctcag
aaaatcagca
tatcctttta

ggtgegtgett

83

an artificially synthesized nucleotide sequence

ctacaggtet

geggcctecagt

actgggteag

atggagaaac

ccacgagcac

actgtgecgag

ccgtctectte

ttgtgatgac

cctgcaggtc

tgcagaagcc

geggtcecctga

gagtggagsc

cgtteggeca

cggegagecee

ccagtcccag

gaaggtctee

gcagaggect

tatctacaat

agcctacatg

aggectatgat

aggtgetget

tcaggctgea

tagtaagagt

aggecagtct

caggttecagt

tgaggatgtt

agggaccaaa

tggatcgcag

60
120
180
240
300
360
420
480
540
600
660
?20
780

840
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gtgeoagotag

tgcaaggett

ggaaagggtce

gggaaattca

gagctgagea

gattactcgt

ggatccggag

ctectececctege

ctcctgeoata

ccacagctce

gegcagtggat

ggggtttatt

ctegegaaatca

<210> 28

<211> 524

<212> PRT

213>

<220>
<223>

<400> 28

tgcagtcteg

ctggatacac

ttgagtgget

ggggcagagt

gectgagate

ttgettactsg

gtgetgegatc

ccgtcacccee

gtaatggcaa

tgatctateg

caggcacagc

actgcatgca

aa

Artificial

EP 1 900 814 A1

acctgaggteg

cttcaccaac

tggacggatt

cacgattacc

tgaggacacg

Eggccaggea

ggeteggtegea

tggagagecg

cacttacttg

gatgtccaac

ttttacactg

acatatagaa

aagaagcctg

tcctggatea

tatcctggag

gceggacgaat

geegtgtatt

accacggtca

ggatcggata

gcctccatet

tattggtacc

cttgcctcag

aaaatcagca

tatcctttta

84

gggectecagt

actggeteag

atggagaaac

ccacgagceac

actgtegcgag

ccgtectette

ttgtgatgac

cctgcaggte

tecagaagcc

gggtecetga

gagtggagec

cgttcggeca

an artificially synthesized peptide seguence

gaaggtctce

gocagaggeooct

tatctacaat

agcctacatg

aggctatgat

aggtgegtest

tcaggectgca

tagtaagagt

agggcagict

caggttcagt

tgaggategtt

agggaccaaa

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1572
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Met

Val

Pro

Thr

Glu

65

Gly

Thr

Tyr

Gln

Gly

145

Leu

Ser

Asp

GIn

Gly

Asn

50

Trp

Lys

Ala

Tyr

Gly

130

Gly

Ser

Ser

Trp

Ser

Ala

35

Ser

Val

Phe

Tyr

Cys

115

Thr

Ser

Leu

Lys

Thr

GIn

20

Ser

Trp

Gly

Arg

Met

100

Ala

Thr

Gly

Pro

Ser

180

Trp

Val

Val

Met

Arg

Gly

85

Glu

Arg

Val

Gly

Val

165

Leu

Arg

Gln

Lys

Asn

lle

70

Arg

Leu

Gly

Thr

Gly

150

Thr

Leu

Phe

Leu

Val

Trp

55

Tyr

Val

Ser

Tyr

Val

135

Gly

Pro

His

EP 1 900 814 A1

Leu

Val

Serv

40

Val

Pro

Thr

Ser

Asp

120

Ser

Ser

Gly

Ser

Phe

Gin

25

Cys

Arg

Gly

Ile

Leu

105

Asp

Ser

Asp

Glu

Asn

185

val
10

Ser
Lys
Gln
Asp
Thr
90

Arg
Tyr
Gly
lte
Pro

170

Gly

85

Val

Gly

Ala

Arg

Gly

75

Ala

Ser

Ser

Gly

Val

155

Ala

Asn

Ala

Pro

Ser

Pro

60

Giu

Asp

Glu

Phe

Gly

140

Met

Ser

Thr

Ala

Glu

Gly

45

Gly

Thr

Glu

Asp

Ala

125

Gly

Thr

lle

Tyr

Ala

Val

30

Tyr

Lys

lle

Ser

Thr

10

Tyr

Ser

Gln

Ser

Leu

190

Thr

15

Lys

Thr

Gly

Tyr

Thr

95

Ala

Trp

Gly

Ala

Cys

175

Tyr

Gly

Lys

Phe

Leu

Asn

80

Ser

Val

Gly

Gly

Ala

160

Arg

Trp
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Tyr

Ser

Gly

225

Gly

Gln

Gly

Glu

Gly

305

Gly

Thr

Glu

Asp

lLeu

Asn

210

Thr

Val

Gly

Ser

Val

290

Tyr

Lys

lle

Ser

Thr
370

Glin
195

Leu

Ala

Tyr

Thr

Gly

275

Lys

Thr

Gly

Tyr

Thr

355

Ala

Lys

Ala

Phe

Tyr

Lys

260

Gly

Lys

Phe

Leu

Asn

340

Ser

vVal

Pro

Ser

Thr

Cys

245

Leu

Gly

Pro

Thr

Glu

325

Gly

Thr

Tyr

Gly

Gly

Leu

230

Met

Glu

Gly

Gly

Asn

310

Trp

Lys

Ala

Tyr

Gin

Val

215

Lys

Gln

lle

Ser

Ala

295

Ser

Val

Phe

Tyr

Cys
375

EP 1 900 814 A1

Ser

200

Pro

lle

His

Lys

Gln

280

Ser

Trp

Gly

Arg

Met

360

Ala

Pro

Asp

Ser

lle

Gly

265

Val

Val

Met

Arg

Gly

345

Glu

Arg

Gin

Arg

Arg

Glu

250

Gly

GIn

Lys

Asn

Ile

330

Arg

Leu

Gly

86

Leu

Phe

Val

235

Tyr

Gly

Leu

Val

Trp

315

Tyr

Val

Ser

Tyr

Leu

Ser

220

Glu

Pro

Gly

Val

Ser

300

Val

Pro

Thr

Ser

Asp
380

lle

205

Gly

Ala

Phe

Ser

Gin

285

Cys

Arg

Gly

lle

Leu

365

Asp

Tyr

Ser

Glu

Thr

Gly

270

Ser

Lys

GIn

Asp

Thr

350

Arg

Tyr

Arg

Gly

Asp

Phe

255

Gly

Gly

Ala

Arg

Gly

335

Ala

Ser

Ser

Met

Ser

Val

240

Gly

Gly

Pro

Ser

Pro

320

Glu

Asp

Glu

Phe
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Ala Tyr
385

Gly Ser

Thr GIn

Trp

Gly

Ala

lle Ser Cys

Tyr Leu
450

lle Tyr
465

Gly Ser

Ala Glu

Phe Thr

<210>
<211>
212>
<213>

<220>
<223>

435

Tyr

Arg

Gly

Asp

Phe
515

29
1572
DNA

Gly

Gly

Ala

420

Arg

Trp

Met

Ser’

Val
500

Gly

Gin

Gly

405

Leu

Ser

Tyr

Ser

Gly

485

Gly

Gln

Artificial

Gly

390

Gly

Ser

Ser

lLeu

Asn

470

Thr

Val

Gly

Thr

Ser

Leu

Lys

Gln

455

Leu

Ala

Tyr

Thr

EP 1 900 814 A1

Thr

Gly

Pro

Ser

440

Lys

Ala

Phe

Tyr

Lys
520

Val

Gly

Val

425

Leu

Pro

Ser

Thr

Cys

505

Leu

Thr

Gly

410

Thr

Leu

Gly

Gly

Leu

490

Met

Glu

Val

305

Gly

Pro

His

Gln

Val

475

Lys

Gin

lle

Ser

Ser

Gly

Ser

Ser

460

Pro

lle

His

Lys

Ser

Asp

Glu

Asn

445

Pro

Asp

Ser

lle

Gly

lie

Pro

430

Gly

Gln

Arg

Arg

Glu
510

an artificially synthesized nucleotide seguence

87

Gly

Val

415

Ala

Asn

Leu

Phe

Val

495

Tyr

Gly

400

Met

Ser

Thr

Leu .

Ser

480

Glu

Pro
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<400> 29

atggactega
gtegcagetgeg
tgcaaggott
égaaagggtc
gggaaattea
gagctgagca
gattactcgt
ggatccggag

ctctccetge

ctcctgecata

ccacagectce

ggcagtggat

ggggtttatt

ctggaaatoca

gtgcagctege

tgcaaggett

ggaaagggtc

gegaaatteoa

cctggaggtt
tgcagtectgeg
ctggatacac
ttgagtggat
gggtcagagt
gcctgagate
ttgettactg
gtgetgeatc
ccgtcacccee
gtaatggcaa
tgatctatcg
caggcacage
actgcatgca
aaggaggtege
tgcagtcteg
ctggatacac
ttgagtgegat

geggtecagagt

EP 1 900 814 A1

cctetttegtg

acctgaggte

cttcaccaac

gggacgegatt

cacgattacc

tgaggacaceg

ggegccaggega

ggegtgetega

tggagagceeg

cacttactteg

gatgtccaac

ttttacactg

acatatagaa

tegatcgeet

acctgaggte

cttcaccaac

geggacggatt

cacgattacc

gtggcagcag
aagaagcctg
tecteggatega
tatcctgeag
gcggacgaat.
gocgtgtatt
accacggtca
ggétcggata
gcctccatet
tatteggtico
cttgceteag
aaaatcagca
tatccttita
geteetegtt
aagaagectg
tcctggatga
tatcctggag

gecggacgaat

88

ctacaggtgt

geggectcagt

actgegtgag

atggagaaac

ccacgagcac

actgtgcgag

cegtetette

ttgtgategac

cctgeaggtce

agcagaagcc

ggegteccotga

gagtggagge

cgttcgecca

CEELABECEE

geggeoctcagt

actgggtgag

atggagaaac

ccacgagcac

ccagtcccag

gaaggtctcc

gecagaggcct

tatctacaat

agcctacatg

aggctatgat

aggtggtget

tcagtctcca

tagtaagagt

agggocagtct

caggttcagt

tgagegatgtt

agggaccaaa

tggatcgcag

gaaggtctee

gcagaggcct

tatctacaat

agcctacatg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080
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gagctgagea

gattactcgt

ggatcoggag

ctctceotge

ctcctecata

ccacagctcc

ggcagtggat

geggtttatt

ctggaaatca

210> 30

<211> 524

<212> PRT

<2135

<220>
<223>

<400> 30

Met Asp Trp Thr Trp Arg Phe Leu Phe

1

Val GIn Ser GIn Va! GIn Leu Val GlIn

gectgagatce

ttecttactg

gteggtggatc

cecgtcacece

gtaatggcaa

tgatctateg

caggcacagc

actgcatgea

aa

Artificial

5

20

EP 1 900 814 A1

tgaggacacg

gggecaggga

gggteggtgga

tggagageceg

cacttacttg

gatgtccaac

ttttacactg

acatatagaa

gcegtgtatt

accacggtca

ggatcggata

gecteceatet

tattggttce

cttgcctcag

aaaatcagca

tatcctttta

10

25

actgtgcgag

ccgtotette

ttgtgategac

cctgcagete

agcagaagcc

geggtcectga

gagtggagec

cgtteggeea

an artificially synthesized peptide sequence

Val Val Ala Ala Ala

Ser Gly Pro Glu Vval

30

aggctatgat

aggtgstest

tcagtctecea

tagtaagagt

agggcagtct

caggttcagt

tgagegatstt

agggaccaaa

Thr Gly
15

Lys Lys

Pro Gly Ala Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe

89

1140

1200

1260

1320

1380

1440

1500

1560

1572
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Thr

Glu

65

Gly

Thr

Tyr

Gin

Gly

145

Leu

Ser

Tyr

Ser

Gly

Asn

50

Trp

Lys

Ala

Tyr

Gly

130

Gly

Ser

Ser

Leu

Asn

210

Thr

35

Ser

Met

Phe

Tyr

Cys

115

Thr

Ser

Leu

Lys

Glin

195

Leu

Ala

Trp

Gly

Arg

Met

100

Ala

Thr

Gly

Pro

Ser

180

Lys

Ala

Phe

Met

Arg

Val

85

Giu

Arg

Val

Gly

Val

165

Leu

Pro

Ser

Thr

Asn

lle

70

Arg

Leu

Gly

Thr

Gly

150

Thr

Leu

Gly

Gly

Leu

Trp
55

Tyr

Val

Ser

Tyr

Val

135

Gly

Pro

His

Gln

Val

215

Lys

EP 1 900 814 A1

Val

Pro

Thr

Ser

Asp

120

Ser

Ser

Gly

Ser

Ser

200

Pro

Ile

Arg

Gly

lte

Leu

105

Asp

Ser

Asp

Glu

Asn

185

Pro

Asp

Ser

GlIn

Asp

Thr

90

Arg

Tyr

Gly

Ite

Pro

170

Gly

Gin

Arg

Arg

90

Arg

Gly

75

Ala

Ser

Ser

Gly

Val

165

Ala

Asn

Leu

Phe

Val

Pro

60

Glu

Asp

Glu

Phe

Gly

140

Met

Ser

Thr

Leu

Ser

220

Glu

45

Gly

Thr

Gilu

Asp

Ala

125

Gly

Thr

lle

Tyr

lle

205

Gly

Ala

Lys

lle

Ser

Thr

110

Tyr

Ser

Gin

Ser

Leu

190

Tyr

Ser

Glu

Gly

Tyr

Thr

95

Ala

Trp

Gly

Ser

Cys

175

Tyr

Arg

Gly

Asp

Leu

Asn

80

Ser

Val

Gly

Gly

Pro

160

Arg

Trp

Met

Ser

val
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225

- Gly

Gin

Gly

Glu

Gly

305

Gly

Thr

Glu

Asp

Ala

385

Gly

Thr

val

Gly

Ser

Val

290

Tyr

Lys

1le

Ser

Thr

370

Tyr

Ser

Glin

Tyr

Thr

Gly

275

Lys

Thr

Gly

Tyr

Thr

355

Ala

Trp

Gly

Ser

Tyr

Lys

260

Gly

Lys

Phe

Leu

Asn

340

Ser

Val

Gly

Gly

Pro

Cys

245

Leu

Gly

Pro

Thr

Glu

325

Gly

Thr

Tyr

Gin

Gly

405

Leu

230

Met

Glu

Gly

Gly

Asn

310

Trp

Lys

Ala

Tyr

Gly

390

Gly

Ser

EP 1 900 814 A1

Gin

ile

Ser

Ala

295

Ser

Met

Phe

Tyr

Cys

375

Thr

Ser

Leu

His

Lys

Gln

280

Ser

Trp

Gly

Arg

Met

360

Ala

Thr

Gly

Pro

Ile

Gly

265

Val

Val

Met

Arg

vVal

345

Glu

Arg

Val

Gly

Val

91

Glu

250

Gly

Gin

Lys

Asn

lle

330

Arg

Leu

Gly

Thr

Gly

410

Thr

235

Tyr

Gly

Leu

Val

Trp

316

Tyr

Val

Ser

Tyr

Val

3958

Gly

Pro

Pro

Gly

Vai

Ser

300

vVal

Pro

Thr

Ser

Asp

380

Ser

Ser

Gly

Phe

Ser

Gln

285

Cys

Arg

Gly

ile

Leu

365

Asp

Ser

Asp

Glu

Thr

Gly

270

Ser

Lys

Gin

Asp

Thr

350

Arg

Tyr

Gly

lle

Pro

Phe

255

Gly

Gly

Ala

Arg

Gly

335

Ala

Ser

Ser

Gly

Val

415

Ala

240

Gly

Gly

Pro

Ser

Pro

320

Glu

Asp

Glu

Phe

Gly

400

Met

Ser
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420 425 430

|le Ser Cys Arg Ser Ser Lys Ser Leu Leu His Ser Asn Gly Asn Thr
435 440 445

Tyr Leu Tyr Trp Tyr Leu GIn Lys Pro Gly Gln Sér Pro GIn Leu Leu
450 455 460

lle Tyr Arg Met Ser Asn Leu Ala Ser Gly Val Pro Asp Arg Phe Ser
465 470 475 480

Gly Ser Gly Ser Gly Thr Ala Phe Thr Leu Lys Ile Ser Arg val Glu
485 490 495

Ala Glu Asp Val Gly Val Tyr Tyr Cys Met Gin His lle Glu Tyr Pro
500 505 510

Phe Thr Phe Gly Gin Gly Thr Lys Leu Glu lle Lys

515 520

<210> 3t

<211> 1602
<212> DNA

<213> Artificial

<2207

223> an artificially synthesized nucleotide sequence

<400> 31
atggactgga coctggaggtt cectectttetg gtgegcagecag ctacaggtgt ccagteccag 60

gtegcagctgg tgecagtotgg acctgaggtg aagaagoctg gggoctcagt gaaggictee 120

tgcaaggett ctggatacac cttcaccaac tcctggatga actgggtgag gecagaggect 180

92
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ggaaageggtc

geggaaatteca

aggctgageca

gattactcgt

ggatccggag

ctetccetge

ctectgcata

ccacagctcc

ggcagteggat

geggetttatt

ctggaaatca

gtecagctge

tgcaaggett

gegaaagggtc

gggaaattca

aggctgagea

gattactcgt

gegatccggag

ttgagtgesat

gggtcagagt

gcctegagate

ttgettacteg

gtgeteggate

ccgtecacceoo

gtaatggecaa

tgatctatcg

caggcacagc

actgcatgca

aaggaggtegg

tgcagtctege

ctggatacac

ttgagteget

geggtcagagt

gectgagate

ttegcttacte

gtgegtgeate

EP 1 900 814 A1

tggacggatt

cacgattacc

tgaggacacg

gggccageea

ggetegetega

tggagagccg

cacttacttg

gatgtccaac

ttttacactg

acatatagaa

tggatcgggt

acctgaggte

cttcaccaac

tggacggatt

cacgattacc

tgaggacacg

gggccaggga

geggtegstega

tatcctgeag

gcggacgaat

geegtgtatt

accacggtca

ggatcggata

gcctecatct

tattggtacc

cttgectcag

aaaatcagca

tatcctttta

ggtggtegtt

aagaagcctg

tcctgegatga

tatcectggag

gecggacgaat

geegtgtatt

accacggtca

ggatcggata

93

atggagaaac

ccacgagceac

actgtgecgag

cegtectctte

ttgtgatgac

cctgcaggte

tgcagaagcece

geggtccctga

gagtggaggc

cgttcggeca

CZEEaEECEE

geggoctcagt

actgggtgag

atggagaaac

ccacgagcac

actgtgcgag

ccgtctectte

ttgtgatgac

tatctacaat
agcctacatsg
aggctatgat
aggtegtegt
tcagtctgea
tagtaagagt
agggcagtct
caggttcagt
tgaggatgtt
agggaccaaa
teggatcgcag
gaagegtcteco
gocagaggcct
tatctécaat
agcctacatg
aggctatgat
aggtgetegt

tcagtctgea

240
300
3§0
420
480
540
600
660-
720
780
840
900
960
1020
1080
1140
1200

1260
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ctoctcectec

ctectgcata

ccacagctee

ggcagtggat

geggegtttatt

cteggaaatca

<210> 32

<211> 524

<212> PRT

<213> Arti

220>
<223>

<400> 32

Met Asp Trp Thr Trp Arg Phe

1

Val GIn Ser Gin Val GIn Leu

Pro Gly Ala
35

Thr Asn Ser Trp Met Asn Trp

50

Glu Trp Val
65

ccgtcacccee

gtaatggcecaa

tgatctatcg

caggcacage

actgcatgca

aagactacaa

ficial

5

20

Ser Val Ly

Gly Arg 11
70

EP 1 900 814 A1

tggagagceceg

cacttacttg

gatgtccaac

ttttacactg

acatatagaa

ggatgacgac

gecteccatet

tattggtacc

cttgecteoag

aaaatcagca

tatcctttta

gataagtgat

Leu Phe Val Val

10

s Val Ser Cys Lys Ala

40

55

Val Arg GIn Arg

e Tyr Pro Gly Asp Gly

75

94

cctgecaggte tagtaagagt

tgcagaagecc agggcagtct

gggtccctga caggtteagt

gagteggagegc teaggatgtt

cgttcggeca agggaccaaa

an artificially synthesized peptide sequence

Ala Ala Ala Thr Gly
15

Val GIn Ser Gly Pro Glu Val Lys Lys
25

30

Ser Gly Tyr Thr Phe
45

Pro Gly Lys Gly Leu
60

Glu Thr Ile Tyr Asn
80

1320

1380

1440

1500

1560

1602
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Gly

Thr

Tyr

Gln

Gly

145

Leu

Ser

Tyr

Ser

Gly
225

Gly

Gln

Lys

Ala

Tyr

Gly

130

Gly

Ser

Ser

Leu

Asn

210

Thr

Val

Gly

Phe

Tyr

Cys

115

Thr

Ser

Leu

Lys

Gin

195

Leu

Ala

Tyr

Thr

Arg

Met

100

Ala

Thr

Gly

Pro

Ser

180

Lys

Ala

Phe

Tyr

Lys
260

Val

85

Arg

Arg

Val

Gly

Val

165

Leu

Pro

Ser

Thr

Cys

245

Leu

Arg

Leu

Gly

Thr

Gly

150

Thr

Leu

Gly

Gly

Leu

230

Met

Glu

Val

Ser

Tyr

val

136

Gly

Pro

His

Gln

Val

215

Lys

GIn

lle

EP 1 900 814 A1

Thr

Ser

Asp

120

Ser

Ser

Gly

Ser

Ser

200

Pro

lle

His

Lys

Ile

Leu

105

Asp

Ser

Asp

Glu

Asn

185

Pro

Asp

Ser

Ile

Gly
265

Thr

90

Arg

Tyr

Gly

Ile

Pro

170

Gly

Gin

Arg

Arg

Glu

250

Gly

95

Ala

Ser

Ser

Gly

Val

155

Ala

Asn

Leu

Phe

Val

235

Tyr

Gly

Asp

Glu

Phe

Gly

140

Met

Ser

Thr

Leu

Ser

220

Glu

Pro

Gly

Glu

Asp

Ala

125

Gly

Thr

I'le

Tyr

fle

205

Gly

Ala

Phe

Ser

Ser

Thr

110

Tyr

Ser

Gln

Ser

Leu

190

Tyr

Ser

Glu

Thr

Gly
270

Thr

95

Ala

Trp

Gly

Ala

Cys

175

Tyr

Arg

Gly

Asp

Phe

255

Gly

Ser

Val

Gly

Gly

Ala

160

Arg

Trp

Met

Ser

Val

2490

Gly

Gly
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Gly

Glu

Gly

305

Gly

Thr

Glu

Asp

Ala

385

Gly

Thr

lie

Tyr

Ser

Val

290

Tyr

Lys

lle

Ser

Thr

370

Tyr

Ser

Gln

Ser

Leu

450

Gly
275

Lys

Thr

Gly

Tyr

Thr

355

Ala

Trp

Gly

Ala

Cys

435

Tyr

Gly

Lys

Phe

Leu

Asn

340

Ser

Val

Gly

Gly

Ala

420

Arg

Trp

Gly

Pro

Thr

Glu

325

Gly

Thr

Tyr

Gin

Gly

405

Leu

Ser

Tyr

Gly

Gly

Asn

310

Trp

Lys

Ala

Tyr

Gly

390

Gly

Ser

Ser

Leu

Ser

Ala

295

Ser

Val

Phe

Tyr

Cys

375

Thr

Ser

Leu

Lys

Gin
455

EP 1 900 814 A1

Gin

280

Ser

Trp

Gly

Arg

Met

360

Ala

Thr

Gly

Pro

Ser

440

Lys

Val GIn

vVal Lys

Met Asn

Arg lle

330

Val Arg
345

Arg Leu

Arg Gly

Val Thr

Gly Gly
410

Valx Thr

425

Leu Leu

Pro Gly

96

Leu

Val

Trp

318

Tyr

vVal

Ser

Tyr

Val

395

Gly

Pro

His

Gln

Val

Ser

300

Val

Pro

Thr

Ser

Asp

380

Ser

Ser

Gly

Ser

Ser

460

Gln

285

Cys

Arg

Gly

ile

Leu

365

Asp

Ser

Asp

Glu

Asn

445

Pro

Ser

Lys

GlIn

Asp

Thr

350

Arg

Tyr

Gly

e

Pro

430

Gly

Gin

Gly

Ala

Arg

Gly

335

Ala

Ser

Ser

Gly

Val

415

Ala

Asn

Leu

Pro

Ser

Pro

320

Glu

Asp

Glu

Phe

Gly

400

Vet

Ser

Thr

Leu
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Iie Tyr Arg Met Ser Asn Leu Ala Ser Gly

465

Gly Ser Gly Ser Gly Thr Ala Phe Thr Leu

Ala Glu Asp Val Gly Val Tyr Tyr Cys Met

Phe Thr Phe

EP 1 900 814 A1

470

485

500

515

<210> 33
211>

213>

<220>
<223>

<400> 33

atggactgga

gtgecagetes

tgcaaggett

geaaagggtc

gggaaattca

gagctgagca

gattactegt

1572
<212> DNA
Artificial

ccteggaggtt

tgcagtcteg

ctggatacac

ttgagtggat

geggtcagagt

gectegagate

ttgettacteg

520

cctetttgis

acctgaggte

cttcaccaac

tggacggatt

cacgattacc

tgaggacacg

gggeecagegea

475

490

505

Gly GIn Gly Thr Lys Leu Glu lle

gtgegcagcag

aagaagccectg

tecctggatga

tatcctggag

gcggacgaat

geeogtgtatt

accacggtca

97

Val Pro Asp Arg Phe Ser

480

Lys lle Ser Arg Val Glu

495

GIn His lle Glu Tyr Pro

510

Lys

an artificially synthesized nucleotide sequence

ctacaggtet

gggecteagt

actgegetgag

atggagaaac

ccacgagecac

actgtecgag

cegtetette

ccagtcccag
gaaggtctee
gcagaggect
tatctacaat
agcctacate
aggctatgat

aggtegtegt

60

120

180

240

300

360

420
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ggatecggag
ctctecectge
ctcctgcata
ccacagctcec
ggcagtggat
geggetttatt
ctggaaatca
gtgcageigg
tgcaaggctt
ggaaagggte
gggaaattca
gagctgagcea
gattactcgt
ggatccggag
ctctecctege
ctcctgeata
ccacagctcc

ggcagtggat

gtggtggate

ccgtocaccee

gtaatgegcaa

tgatctatecg

caggcacaga

actgcatgea

aaggaggteg

tgcagtctge

ctgegatacac

ttgagtggat

gegtcagagt

gcectgagatce

ttgcttactg

gtggtggate

ccgtcaccee

gtaatggcaa

tgatctatecg

caggcacaga

EP 1 900 814 A1

gegtggtegea

tggagageecg

cacttacttg

gatgtccaac

ttttacactg

acatatagaa

tggatcgget

acctgaggte

cttcaccaac

tggacggatt

cacgattacc

tgaggacacg

gEECCaggga

gegtgetegea

tggagageeg

cacttacttg

gatgtccaac

ttttacactg

ggatcggata
goctecatet
tattggttce
cttegcctcag
aaaatcagca
tatcctttta
getgeteett
aagaagcectg
tcctggatga
tatcctgegag
gocgegacgaat
gecegtgtatt
accacggteca
ggatcggata
gectecatet
tattggttce
cttgcctcag

aaaatcagca

98

tigtgatgac

cctgcaggte

tgcagaagce

ggetcectga

gagtggagegc

cgttcggeca

CEZ2Zaggcer

geggeccteagt

actgggtgag

atggagaaac

ccacgagcac

actgtgecgag

ccgtetette

ttgtgatgac

cctgocaggte

tgcagaagcce

gggtceectga

gagtggaggc

tcagtctcca

tagtaagagt

agggcagtct

caggttcagt

tgaggategtt

agggaccaaa

tggatcecag

gaaggtctce

gecagaggect

tatctacaat

agectacatg

aggctatgat

aggtggteet

tcagtctcca

tagtaagagt

agggcagtect

caggttcagt

tgaggatgtt

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500
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gegggtttatt actgcatgea acatatagaa tatcotttta cgttecggeca agggaccaaa

ctggazaatca aa

{2107
211>

<212>

<213>

220>
<223>

<400>
Met Asp

1

Val Gin

Pro Gly

Thr Asn
50

Glu Trp
65

Gly Lys

Thr Ala

34
524
PRT

Artificial

EP 1 900 814 A1

an artificially synthesized peptide sequence

34
Trp

Ser

Ala

35

Ser

lle

Phe

Tyr

Thr

Gin

20

Ser

Trp

Gly

Arg

Met
100

Trp

Val

Val

Met

Arg

Val

85

Glu

Arg

Gin

Lys

Asn

lle

70

Arg

Leu

Phe

Leu

Val

Trp

55

Tyr

Val

Ser

Leu

Val

Ser

40

Val

Pro

Thr

Ser

Phe

Gln

25

Cys

Arg

Gly

lle

Leu

105

Val

10

Ser

Lys

Gin

Asp

Thr

90

Arg

99

Val

Gly

Ala

Arg

Gly

75

Ala

Ser

Ala

Pro

Ser

Pro

60

Glu

Asp

Glu

Ala

Glu

Gly

45

Gly

Thr

Glu

Asp

Ala

Val

30

Tyr

Lys

lle

Ser

Thr
110

Thr

15

Lys

Thr

Gly

Tyr

Thr

95

Ala

Gly

Lys

Phe-

Leu

Asn

80

Ser

Val

1560

1572
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Tyr

Gln

Gly

145

Leu

Ser

Phe

Ser

Gly

225

Gly

GlIn

Gly

Glu

Tyr

Gly

130

Gly

Ser

Ser

Leu

Asn

210

Thr

Val

Gly

Ser

Val
290

Cys

115

Thr

Ser

Leu

Lys

GlIn

195

leu

Asp

Tyr

Thr

Gly

275

Lys

Ala

Thr

Gly

Pro

Ser

180

Lys

Ala

Phe

Tyr

Lys

260

Gly

Lys

Arg

Val

Gly

Val

165

Leu

Pro

Ser

Thr

Cys

245

Leu

Gly

Pro

Gly

Thr

Gly

150

Thr

Leu

Gly

Gly

Leu

230

Met

Glu

Gly

Gly

Tyr

Val

135

Gly

Pro

His

GIn

EP 1 900 814 A1

Asp

120

Ser

Ser

Gly

Ser

Ser

_ 200

Val

215

Lys

Gin

lle

Ser

Ala
295

Pro

Ile

His

Lys

Gin

280

Ser

Asp

Ser

Asp

Glu

Asn

185

Pro

Asp

Ser

Ile

Gly

265

Val

Val

Tyr Ser

Gly Gly

Ile Val
155

Pro Ala
170

Gly Asn
Gln Leu
Arg Phe
Arg Val

235
Glu Tyr
250
Gly Gly

Gln Leu

Lys Val

100

Phe

Gly

140

Met

Ser

Thr

Leu

Ser

220

Glu

Pro

Gly

Val

Ser

300

Ala

125

Gly

Thr

lle

Tyr

Ile

205

Gly

Ala

Phe

Ser

Gin

285

Cys

Tyr

Ser

Gln

Ser

Leu

190

Tyr

Ser

Glu

Thr

Gly

270

Ser

Lys

Trp

Gly

Ser

Cys

175

Tyr

Arg

Gly

Asp

Phe

255

Gly

Gly

Ala

Gly

Gly

Pro

160

Arg

Trp

Met

Ser

Val

240

Gly

Giy

Pro

Ser
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Gly

305

Gly

Thr

Glu

Asp

Ala

385

Gly

Thr

lle

Tyr

Ile

465

Gly

Tyr

Lys

lle

Ser

Thr

370

Tyr

Ser

Glin

Ser

Leu

450

Tyr

Ser

Thr

Gly

Tyr

Thr

355

Ala

Trp

Gly

Ser

Cys

435

Tyr

Arg

Gly

Phe

Leu

Asn

340

Ser

Val

Gly

Gly

Pro

420

Arg

Trp

Met

Ser

Thr

Glu
325

Gly

Thr

Tyr

Gln

Gly

405

Leu

Ser

Phe

Ser

Gly
485

Asn

310

Trp

Lys

Ala

Tyr

Gly

390

Gly

Ser

Ser

Leu

Asn

470

Thr

EP 1 900 814 A1

Ser

e

Phe

Tyr

Cys

375

Thr

Ser

Leu

Lys

Gln

455

Leu

Asp

Trp

Gly

Arg

Met

360

Ala

Thr

Gly

Pro

Ser

440

Lys

Ala

Phe

Met

Arg

Val

345

Giu

Arg

Val

Gly

Val

425

Leu

Pro

Ser

Thr

101

Asn

lle

330

Arg

Leu

Gly

Thr

Gly

410

Thr

Leu

Gly

Gly

Leu

490

Trp

315

Tyr

Val

Ser

Tyr

Val

395

Gly

Pro

His

Gin

vVal

475

Lys

Val

Pro

Thr

Ser

Asp

380

Ser

Ser

Gly

Ser

Ser

460

Pro

Ile

Arg

Gly

lle

Leu

365

Asp

Ser

Asp

Glu

Asn

445

Pro

Asp

Ser

Gin

Asp

Thr

350

Arg

Tyr

Gly

lle

Pro

430

Gly

Gin

Arg

Arg

Arg

Gly

335

Ala

Ser

Ser

Gly

Val

415

Ala

Asn

Leu

Phe

Val
495

Pro

320

Giu

Asp

Glu

Phe

Gly

400

Met

Ser

Thr

Leu

Ser

480

Glu
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EP 1 900 814 A1

Ala Glu Asp Val Gly Val Tyr Tyr Cys Met GIn His lle Glu Tyr Pro
505

500

510

Phe Thr Phe Gly GIn Gly Thr Lys Leu Glu lle Lys

515

<210> 35
<2115
<212> DNA
<213> Arti

<2202
223>

<400> 35
atggactgega

gtgcagcteg

tgecaaggett

ggaaagggetc

geggaaattca

gagoctgagea

gattactcgt

ggatccggag

ctoctcecectge

ctcotgcata

1572

ficial

cctggagett

tgecagtetegg

ctggatacac

ttgagtggat

gegtcagagt

gectgagate

ttgettacteg

gtggtggate

ccgtcaccece

gtaatgecaa

520

cctetttgtg

acctgaggte

cttecaccaac

tggacggatt

cacgattacc

tgaggacacg

gggccagegea

ggeteggtega

tggagagceg

cacttacttg

gtgegcagcag

aagaagcctg

tcetggatga

tatcctggag

gcggacgaat

geecgtgtatt

accacggtca

ggatcggata

goctccatect

tattggttee

102

an artificially synthesized nucleotide sequence

ctacaggtgt

gggoctcagt

actgggtgag

atggagaaac

ccacgagcac

actgtgcgag

ccgtectette

ttgtgatgac

cctgcagetc

agcagaagcee

ccagtcccag

gaaggtctce

gcagaggoct

tatctacaat

agcctacatg

aggctatgat

aggtgeteggt

tcagtectcceca

tagtaagagt

agggcagtct

60

120

180

240

300

360

420

480

540

600
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ccacagctce

ggcagtggat

geggtttatt

ctggaaatca

gtgcagetee

tgcaaggett

ggaaagggte

geggaaattca

gagetgagca

gattactcgt

ggatccggag

ctctcceotge

ctcetgeata

ccacagctce

ggcagtgegat

ggggtttatt

ctggaaatca

<210> 36

tgatctateg
caggcacaga
actgcatgca
aaggagegtge
tezcagtcteg
ctggatacac
ttgagtggat
gggtcagagt
gcctgagate
ttgcttacfg
gtggtggatce
ccgtcaccco
gtaatggeaa
tgatctatcg
caggcacaga
actgcatgca

aa
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gatgtccaac

ttttacactg

acatatagaa

tggatcgeet

acctgagegteg

cttcaccaac

tggacgegatt

cacgattacc

tgaggacacg

gggocaggea

gggteggtgga

tggagagece

cacttacttg

gatgtccaac

ttttacactg

acatatagaa

cttgectecag

aaaatcagca

tatcctttta

geteggtegtt

aagaagcctg

tcctggatga

tatcctggasg

gcggacgaat

gecegtgtatt

accacggtca

ggatcggata

gcctcocatet

tattggttce

cttgcctcag

aaaatcagca

tatcctttta

103

geggtecectga

gagtggagec

cgttcggcca

cgggagecegg

gggecteocagt

actgggtgag

atggagaaac

ccacgagcac

actgtgcgag

ccgictcttec

ttgtgatgac

cctgcaggte

agcagaagcc

gggtcectga

gagtggagee

cgttecgegcca

caggttcast

tgaggategtt

agggaccaaa

tggatcgeag

gaaggtctcc

gcagaggcct

tatctacaat

agcctacatg

aggctatgat

aggtggtget

tcagtctcea

tagtaagagt

agggcagtct

caggttcagt

tgaggatgtt

agggaccaaa

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1572
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211>
212>
213>

<220>
<223>

<400>
Met Asp

1

Val GIn

Pro Gly

Thr Asn
50

Glu Trp
65

Gly Lys

Thr Ala

Tyr Tyr

Gin Gly

130

Gly Gly

524
PRT

Artificial

EP 1 900 814 A1

an artificially synthesized peptide sequence

36
Trp

Ser

Ala

35

Ser

Ile

Phe

Tyr

Cys

115

Thr

Ser

Thr

Gln

20

Ser

Trp

Gly

Arg

Met

100

Ala

Thr

Gly

Trp

Val

Val

Met

Arg

Val

85

Glu

Arg

Val

Gly

Arg

Gln

Lys

Asn

lle

70

Arg

Leu

Gly

Thr

Gly

Phe

Leu

val

Trp

55

Tyr

vVal

Ser

Tyr

Val

135

Gly

Leu

val

Ser

40

Val

Pro

Thr

Ser

Asp

120

Ser

Ser

Phe

GlIn

25

Cys

Arg

Gly

lle

Leu

105

Asp

Ser

Asp

Vat

10

Ser

Lys

Gin

Asp

Thr

90

Arg

Tyr

Gly

104

Val

Gly

Ala

Arg

Gly

75

Ala

Ser

Ser

Gly

Val

Ala

Pro

Ser

Pro

60

Glu

Asp

Glu

Phe

Gly

140

Met

Ala

Glu

Gly

45

Gly

Thr

Glu

Asp

Ala

125

Gly

Thr

Ala

val

30

Tyr

Lys

lle

Ser

Thr

110

Tyr

Ser

GIn

Thr

15

Lys

Thr

Gly

Tyr

Thr

95

Ala

Trp

Gly

Ser

Giy

Lys

Phe

Leu

Asn

80

Ser

Val

Gly

Gly

Pro
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145

Leu

Ser

Phe

Ser

Gly

225

Gly

Gln

Gly

Glu

Gly

305

Gly

Thr

Ser

Ser

Gin

Asn

210

Thr

Val

Gly

Ser

Val

290

Tyr

Lys

Ile

Leu

Lys

Gln

195

Leu

Asp

Tyr

Thr

Gly

275

Lys

Thr

Gly

Tyr

Pro

Ser

180

Lys

Ala

Phe

Tyr

Lys

260

Gly

Lys

Phe

Leu

Asn

Val

165

Leu

Pro

Ser

Thr

Cys

245

Leu

Gly

Pro

Thr

Glu

325

Gly

150

Thr

Leu

Gly

Gly

Leu

230

Met

Glu

Gly

Gly

Asn

310

Trp

Lys

Pro

His

Gin

Val

215

Lys

Gin

e

Ser

Ala

295

Ser

lle

Phe

EP 1 900 814 A1

Gly

Ser

Ser

200

Pro

lle

His

Lys

Gin

280

Ser

Trp

Gly

Arg

Giu

Asn

185

Pro

Asp

Ser

lle

Gly

265

Val

Val

Met

Arg

Val

Pro

170

Gly

GIn

Arg

Arg

Glu

250

Gly

GIn

Lys

Asn

lle

330

Arg

105

155

Ala

Asn

Leu

Phe

Val

235

Tyr

Gly

Leu

Val

Trp

315

Tyr

Val

Ser

Thr

Leu

Ser

220

Glu

Pro

Gly

Val

Ser

300

Val

Pro

Thr

ile

Tyr

lte

205

Gly

Ala

Phe

Ser

Gin

285

Cys

Arg

Gly

lte

Ser

Leu

190

Tyr

Ser

Giu

Thr

Gly

270

Ser

Lys

Gln

Asp

Thr

Cys

175

Tyr

Arg

Gly

Asp

Phe

255

Gly

Gly

Ala

Arg

Gly

335

Ala

160

Arg

Trp

Met

Ser

Val

240

Gly

Gly

Pro

Ser

Pro

320

Glu

Asp
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Glu

Asp

Ala

385

Gly

Thr

lle

Tyr

Ile

465

Gly

Ala

Phe

Ser

Thr

370

Tyr

Ser

Gin

Ser

Leu

450

Tyr

Ser

Glu

Thr

Thr

355

Ala

Trp

Gly

Ser

Cys

435

Tyr

Arg

Gly

Asp

Phe
515

340

Ser

Val

Gly

Gly

Pro

420

Arg

Trp

Met

Ser

Val

500

Gly

Thr

Tyr

GlIn

Gly

405

Leu

Ser

Phe

Ser

Gly

485

Gly

GlIn

Ala

Tyr

Gly

390

Gly

Ser

Ser

GIn

Asn

470

Thr

Val

Gly

Tyr

Cys

375

Thr

Ser

Leu

Lys

Gln

455

Leu

Asp

Tyr

EP 1 900 814 A1

Met

360

Ala

Thr

Gly

Pro

Ser

440

Lys

Ala

Phe

Tyr

345

Glu

Arg

Val

Gly

val

425

Leu

Pro

Ser

Thr

Cys
505

Thr Lys Leu

520

Leu

Gly

Thr

Gly

410

Thr

Leu

Gly

Gly

Leu

490

Met

Glu

106

Ser

Tyr

Val

395

Gly

Pro

His

Gin

Val

475

Lys

Gin

lle

Ser Leu

365

Asp Asp

380

Ser Ser

Ser Asp

Gly Glu

Ser Asn

445

Ser Pro

460

Pro Asp

l1le Ser

His Ile

Lys

350

Arg

Tyr

Gly

Ile

Pro

430

Gly

Gln

Arg

Arg

Glu
510

Ser

Ser

Gly

Val

415

Ala

Asn

Leu

Phe

Val

495

Tyr

Glu

Phe

Gly

400

Met

Ser

Thr

Leu

Ser

480

Glu

Pro
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210> 37
<211> 15
<212> PRT
<213>

<2205
<223>

<400> 37

Artificial

EP 1 900 814 A1

An artificially synthesized !inker sequence

Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser

1

<210> 38
211>
<212> DNA
<213> Mus

<400> 38
atggactgga

gtecagetge

tgecaaggett

ggaaagggtc

gggaaattca

caactgagca

gattactegt

gegatccggag

ctctecectege

5

1572 -

musculus

cctggaggtt

tgcagtotge

ctggatacac

ttgagteggat

gggtcagagt

gcctgagate

ttgcttacteg

gtggtggatc

ccgtcacccce

cctetttgteg

acctgaggts

cttcaccaac

tegacggatt

cacgattacc

tgaggacacg

gggccagegega

gegtgeteea

tggagageceg

10

gtgegcageag
aagaagccfg
tcctggatega
tatcectggag
gecggacgaat
geecgtgtatt
accacggtca
ggatcggata

gectocatet

107

ctacaggtegt

gggcctcagt

actgggtgag

atggagaaac

ccacgagcac

actgtgcgag

ccgtctette

ttgtgatgac

cctgcaggtic

15

ccagtcccag

gaaggtctee

ggagaggect

tatctacaat

agcctacatg

aggctatgat

aggtegteget

tcagtcteca

tagtaagagt

60

120

180

240

300

360

420

480

540
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ctcctgeata

ccacagctce

ggcagtgegat

geggetttatt

ctggaaatca

gtecagetee

tgcaaggctt

ggaaagggte

gggaaattca

caactgagca

gattactcgt

gsatccggag

ctctecectec

ctcectgeata

ccacagectcc

ggcagtiggat

gggetttatt

ctggaaatca

gtaatgecaa
tgatctateg
caggcacaga
actgcatgeca
aaggageteg
tecagtctee
ctggataéac
ttgagtggat
gegtcagagt
gecctgagate
ttegcttacteg
gtggtggate
ccgtcaccce
gtaatgegcaa
tgatectateg
caggcacaga
actgcatgca

aa

EP 1 900 814 A1

cacttacttg
gatgtccaac
ttttacactg
acatatagaa
tggatcgegt
acctgaggtg
cttcaccaac
tggacggatt
cacgattacc
tgaggacacg
gggocaggea
gegtggtaga
tggagageceg
cacttacttg
gatgtccaac
ttttacactg

acatatagaa

tattggttcc
cttgcecteag
aaaatcagca
tatcoctttta
ggtgetgett
aagaagcctg
tcctggatega
tatcctggag
gocggacgaat
geegtgtatt
accacggtca
gegatcggata
gectccatet
tattgegttec
cttécctcag
aaaatcagca

tatccttita

108

tggagaagce
geggtecctga
gagtggagge
cgttecgegeca
cgggaggceseg
gggectcagt
actgggtgag
atggagaaac
ccacgagcac
actgtgcgag
cegtetette
ttgtgateac
cctgcagegtc
tgaagaagec
gegegtecetga
gagtggageo

cgtteggeca

agggcagtct
caggttcagt
tgaggatgtt
agggaccaaa
teggatcgcag
gaaggtctce
gaagaggect
tatctacaat
agcctacate
aggctatgat
aggtggtggt
tcagtctcca
tagtaagagt
agggcagtct
caggttcagt
tgaggategtt

agggaccaaa

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1672
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<210> 39
<211> - 524
<212> PRT
213>
<400> 39
Met Asp Trp
1

Val Gin Ser
Pro Gly Ala

35

Thr Asn Ser
50

Glu Trp lle
65

Gly Lys Phe

Thr Ala Tyr

Tyr Tyr Cys

115

Gin Gly Thr
130

Gly Gly Ser

Thr

Gln

20

Ser

Trp

Gly

Arg

Met

100

Ala

Thr

Gly

Mus musculus

EP 1 900 814 A1

Trp Arg Phe leu

5

Val

Val

Met

Arg

Val

85

Gin

Arg

Val

Gly

Gin

Lys

Asn

lle

70

Arg

Leu

Gly

Thr

Gly

Leu

Val

Trp
55

Tyr

Val

Ser

Tyr

Val
135

Gly

Val

Ser

40

Val

Pro

Thr

Ser

Asp

120

Ser

Ser

Phe

GIn

25

Cys

Arg

Gly

lie

Leu

105

Asp

Ser

Asp

Val

10

Ser

Lys

Glu

Asp

Thr

90

Arg

Tyr

Gly

lle

109

Val

Gly

Ala

Arg

Gly

75

Ala

Ser

Ser

Gly

Val

Ala

Pro

Ser

Pro

60

Glu

Asp

Glu

Phe

Gly

140

Met

Ala

Glu

Gly

45

Gly

Thr

Glu

Asp

Ala

125

Gly

Thr

Ala

Val

30

Tyr

Lys

lie

Ser

Thr

110

Tyr

Ser

Gin

Thr

15

Lys

Thr

Gly

Tyr

Thr

95

Ala

Trp

Gly

Ser

Gly

Lys

Phe

Leu

Asn

80

Ser

Val

Gly

Gly

Pro
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145

Leu

Ser

Phe

Ser

Gly

225

Gly

Gln

Gly

Glu

Gly

305

Gly

Thr

Ser

Ser

Leu

Asn

210

Thr

Val

Gly

Ser

Val

290

Tyr

Lys

l1e

Leu

Lys

Glu

195

Leu

Asp

Tyr

Thr

Gly

275

Lys

Thr

Gly

Tyr

Pro

Ser

180

Lys

Ala

Phe

Tyr

Lys

260

Gly

Lys

Phe

Leu

Asn

Val

165

Leu

Pro

Ser

Thr

Cys

245

Leu

Gly

Pro

Thr

Glu

325

Gly

150

Thr

Leu

Gly

Gly

Leu

230

Met

Glu

Gly

Gly

Asn

310

Trp

Lys

Pro

His

Glin

Val

215

Lys

Gln

lle

Ser

Ala

295

Ser

Ile

Phe
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Gly

Ser

Ser

200

Pro

lie

His

Lys

Gin

280

Ser

Trp

Gly

Arg

Glu

Asn

185

Pro

Asp

Ser

lle

Gly

265

Val

Val

Met

Arg

Val

Pro

170

Gly

Gin

Arg

Arg

Glu

250

Gly

Gin

Lys

Asn

Ile

330

Arg

110

155

Ala

Asn

Leu

Phe

Val

235

Tyr

Gly

Leu

Val

Trp

315

Tyr

Val

Ser

Thr

Leu

Ser

220

Glu

Pro

Gly

Val

Ser

300

Val

Pro

Thr

Ile Ser

Tyr Leu
190

Ile Tyr

205

Gly Ser

Ala Glu

Phe Thr

Ser Gly

270

Gin Ser

285

Cys Lys

Arg Lys

Gly Asp

ile Thr

Cys

175

Tyr

Arg

Gly

Asp

Phe

255

Gly

Gly

Ala

Arg

Gly

335

Ala

160

Arg

Trp

Met

Ser

Val

240

Gly

Gly

Pro

Ser

Pro

320

Glu

Asp
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Glu

Asp

Ala

385

Gly

Thr

Ite

Tyr

lle

465

Gly

Ala

Phe

Ser

Thr

370

Tyr

Ser

Gin

Ser

Leu

Thr

365

Ala

Trp

Gly

Ser

Cys

435

Tyr

450 .

Tyr

Ser

Glu

Thr

Arg

Gly

Asp

Phe
515

340

Ser

Val

Gly

Gly

Pro

420

Arg

Trp

Met

Ser

Val

500

Gly

Thr

Tyr

Gin

Gly

405

Leu

Ser

Phe

Ser

Gly

485

Gly

Gin

Ala

Tyr

Gly

390

Gly

Ser

Ser

Leu

Asn

470

Thr

Val

Gly

Tyr

Cys

375

Thr

Ser

Leu

Lys

Lys

455

Leu

Asp

Tyr

Thr
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Met

360

Ala

Thr

Gly

Pro

Ser

440

Lys

Ala

Phe

Tyr

Lys
520

345

Gln

Arg

Val

Gly

Val

425

Leu

Pro

Ser

Thr

Cys

505

Leu

Leu

Gly

Thr

Gly

410

Thr

Leu

Gly

Gly

Leu

490

Met

Glu

Ser

Tyr

Val

395

Gly

Pro

His

Gln

Val

475

Lys

GIn

Ile

Ser Leu
365

Asp Asp
380

Ser Ser

Ser Asp

Gly Giu

Ser Asn

445

Ser Pro

460

Pro Asp

Ile Ser

His Ile

Lys

350

Arg

Tyr

Gly

lle

Pro

430

Gly

Gin

Arg

Arg

Glu
510

Ser

Ser

Gly

Val

415

Ala

Asn

Leu

Phe

Val

495

Tyr

Glu

Phe

Gly

400

Met

Ser

Thr

Leu

Ser

480

Glu

Pro
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<210> 40

<211> 1572
<212> DNA
213> Mus

<400> 40

atggactgga

gtegcagctgg

tgcaaggett

ggaaagggtc

geggaaattca

caactgagca

gattactcgt

ggatccggag

ctectocctee

ctcetegcata

ccacagctcc

gegcagtggat

geggtttatt

ctggaaatea

gtgcagctgg

muscu lus

cctggaggtt
tgcagtctgg
ctgegatacac
ttgagtegat
geggtcagagt
gectgagatce
ttgcttacteg
gtggtggatce
ccegtecaceco
gtaatggcaa
tgatctatce
caggcacaga
actgcatgeca
aaggaggtge

tgcagtcteg
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cotctttegte

acctgaggteg

cttcaccaac

tggacggatt

cacgattacc

tgaggacacg

BEECCaggea

gggtggtgga

tggagagcce

cacttacttg

gatgtccaac

ttttacactg

acatatagaa

tggategest

acctgaggte

gtgegcagcag

aagaagcctg

tcctggatga

tatcctgegag

gecggacgaat

gceccgtegtatt

accacggteca

ggatcggata

gectecatet

tattggttee

cttegcctcag

aaaatcagca

tatcctttta

ggtggtegtt

aagaagcctg

112

ctacaggtegt

gggectoagt

actgggtgag

atggagaaac

ccacgagcac

actgtgcgag

ccgteteotte

ttgtgatgac

cctgcaggtce

tgaagaagce

ggegtecoctea

gagtggagge

cgttoggecca

CEEgagECcE.

ggegcctcagt

ccagtecccag

gaaggtctco

ggagaggcct

tatctacaat

agecctacatg

aggctatgat

aggtgetagt

tcagtctcca

tagtaagagt

agggcagtct

caggttcagt

tgaggatgtt

agggaccaaa

tggatcgecag

gaaggtctce

60
120
180
240
300-
360
420
480.
540
600
660
720
780
840

900
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tgcaaggott
ggaaagggtc
geggaaattca
caactgagea
gattactcegt
ggatccggag
ctctcectece
ctcectgcata
ccacagctce
ggoagtggat
ggggtttgtt
ctggaaatca
<210> -41

<211> 524
<212> PRT

<213> Mus

<400> 41

ctggatacac
ttgagtggat
geggtcagagt
gectgagatce
ttgcttacte
gtgegtggate
ccgtcaccce
gtaatggcaa
tgatctatcg
caggcacaga
actgcatgca

aa

musculus
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cttcaccaac

tggacggatt

cacgattacc

tgaggacacg

ggegccageea

ggetgetega

tggagagecg

cacttacttg

gatgtccaac

ttttacactg

acatatagaa

tecctggatga

tatcctggag

goggacgaat

geegtgtatt

accacggtca

gegatcggata

gccteccatet

tattggttce

cttegcctcag

aaaatcagca

tatcctttta

actgggtegag
atggagaaac
ccacgagcac
actgtgcgaé
ccgtectette
ttgtgatgac
cctgeaggte
tggagaagece
gegtccctea
gagtggagsc

cegttcggecca

gaagaggect

tatctacaat

agcctacatg

aggctatgat

aggtggtget

tcagtecteca

tagtaagagt

agggcagtct

caggttcagt

tgaggatgtt

agggaccaaa

Met Asp Trp Thr Trp Arg Phe Leu Phe Val Val Ala Ala Ala Thr Gly

1

5

10

15

Va! GIn Ser Gln Val Gin Leu Val Gin Ser Gly Pro Giu Val Lys Lys
25

20

113

30

960

1020

1080

1140

1200

1260

1320

1380

1500

1560

1672
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Pro

Thr

Glu

65

Gly

Thr

Tyr

Gin

Gly

145

Leu

Ser

Phe

Ser

Gly

Asn

50

Trp

Lys

Ala

Tyr

Gly

130

Gly

Ser

Ser

Leu

Asn

210

Ala

35

Ser

lle

Phe

Tyr

Cys

115

Thr

Ser

Leu

Lys

Lys

195

Leu

Ser

Trp

Gly

Arg

Met

100

Ala

Thr

Gly

Pro

Ser

180

Lys

Ala

vVal

Met

Arg

Val
85

GIn

Arg

Val

Gly

Val

165

Leu

Pro

Ser

Lys

Asn

lle

70

Arg

Leu

Gly

Thr

Gly

150

Thr

Leu

Gly

Gly
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Vali

Trp

55

Tyr

vVal

Ser

Tyr

Val

135

Gly

Pro

His

Gin

Val
215

Ser
40

Val
Pro
Thr
Ser
Asp
120
Ser
Ser
Gly
Ser
Ser

200

Pro

Cys

Arg

Gly

Ite

Leu

105~

Asp

Ser

Asp

Glu

Asn

185

Pro

Asp

114

Lys

Glu

Asp

Thr

90

Arg

Tyr

Gly

lle

Pro

170

Gly

GlIn

Arg

Ala

Arg

Gly

75

Ala

Ser

Ser

Gly

Val

165

Ala

Asn

Leu

Phe

Ser

Pro

60

Glu

Asp

Glu

Phe

Gly

140

Met

Ser

Thr

Leu

Ser

220

Gly

45

Gly

Thr

Glu

Asp

Ala

125

Gly

Thr

lle

Tyr

lie

205

Gly

Tyr

Lys

Ile

Ser

Thr

110

Tyr

Ser

Gln

Ser

Leu

190

Tyr

Ser

Thr

Gly

Tyr

Thr

95

Ala

Trp

Gly

Ser

Cys

175

Tyr

Arg

Gly

Phe

Leu

Asn

80

Ser

Val

Gly

Gly

Pro

160

Arg

Trp

Met

Ser
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Gly

225

Gly

Gin

Gly

Glu

Gly

305

Gly

Thr

Glu

Asp

Ala

385

Gly

Thr

val

Gly

Ser

Val

290

Tyr

Lys

Ile

Ser

Thr

370

Tyr

Ser

Asp

Tyr

Thr

Gly

275

Lys

Thr

Gly

Tyr

Thr

355

Ala

Trp

Gly

Phe

Tyr

Lys

260

Gly

Lys

Phe

Leu

Asn

340

Ser

Val

Gly

Gly

Thr Leu
230

Cys Met
245

Leu Glu

Gly Gly

Pro Gly

Thr Asn
310

Glu Trp
325

Gly Lys

Thr Ata

Tyr Tyr

Gin Gly
390

Giy Gly
405
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Lys

Gin

I le

Ser

Ala

Ser

Ile

Phe

Tyr

Cys

375

Thr

Ser

lle

His

Lys

Gin

280

Ser

295

Trp

Gly

Arg

Met

360

Ala

Thr

Gly

Ser

lte

Gly

265

Val

Val

Met

Arg

Val

345

GIn

Arg

val

Gly

115

Arg

Glu

250

Gly

Gln

Lys

Asn

lle

330

Arg

Leu

Gly

Thr

Gly
410

Val
235

Tyr

Gly

Leu

Val

Trp

315

Tyr

Val

Ser

Tyr

Val

395

Gly

Glu

Pro

Gly

Val

Ser

300

Val

Pro

Thr

Ser

Asp

380

Ser

Ser

Ala

Phe

Ser

Glin

285

Cys

Arg

Gly

lle

Leu

365

Asp

Ser

Asp

Glu

Thr

Gly

270

Ser

Lys

Lys

Asp

Thr

350

Arg

Tyr

Gly

Ite

Asp

Phe

255

Gly

Gly

Ala

Arg

Gly

335

Ala

Ser

Ser

Gly

Val
415

Val

240

Gly

Gly

Pro

Ser

Pro

320

Glu

Asp

Glu

Phe

Gly

400

Met
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Thr Gin

{le Ser

Tyr Leu

450

fle Tyr

465

Gly Ser

Ala Glu

Phe Thr

Ser

Cys

435

Tyr

Arg

Gly

Asp

Phe
515

<210> 42

<2112
212>
<213>

<220%
223>

<400>

4
PRT

Pro

420

Arg

Trp

Met

Ser

Val
500

Gly

Leu

Ser

Phe

Ser

Gly

485

Gly

GIn

Artificial

Ser

Ser

Leu

Asn

470

Thr

Vai

Gly
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Leu

Lys

Giu

455

Leu

Asp

Tyr

Thr

Pro

Ser

440

Lys

Ala

Phe

Tyr

Lys
520

VEY

425

Leu

Pro

Ser

Thr

Cys

505

Leu

Thr

Leu

Gly

Gly

Leu

490

Met

Glu

Pro

His

Gln

Val

475

Lys

Gln

lle

Gly Glu Pro
430

Ser Asn Gly
445

Ser Pro Gln
460

Pro Asp Arg

Ile Ser Arg

His lle Glu

510

Lys

An artificially synthesized peptide seauence

42

Gly Gly Gly Ser

1

116

Ala

Asn

Leu

Phe

Val

495

Tyr

Ser

Thr

Leu

Ser

480

Glu

Pro
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<210> 43

<211> 4

<212> PRT

<213> Artificial

<220>

{223> An artificially synthesized peptide sequence

<400> 43
Ser Gly Gly Gly
1

<210> 44

211> 5

<212> PRT

<213> Artificial

<2207

<223> An artificially synthesized peptide sequence

<400> 44
Gly Gly Gly Gly Ser
1 5

210> 45

<211> 5

<212> PRT

213> Artificial

<220»

<223> An artificially synthesized peptide sequence

<400> 45
Ser Gly Gly Gly Gly

EP 1 900 814 A1
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<210>
211>
212>
<213>

220>
<223>

<400>

1

<210

<2113
<212>

EP 1 900 814 A1

46

6

PRT
Artificial

An artificially synthesized peptide sequence

46
Gly Gly Gly Gly Gly Ser
5
47
B
PRT
Artificial

<213>

<220>

<223>

<400>

1

<210>

<2112
212>

An artificially synthesized peptide sequence

47
Ser Gly Gly Gly Gly Gly
5
A8
7
PRT
Artificial

<213>

<220>
<223>

An artificlally synthesized peptide sequence
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<400> 48

Gly Gly Gly Gly Gly Gly Ser
1 5

<210> 49

<211> 7

{212> PRT

<213> Artificial

220>
<223> An artificially synthesized peptide sequence

<400> 49
Ser Gly Gly Gly Gly Gly Gly
1 5

Claims

1.

A method for stabilizing an sc(Fv)2, wherein the method comprises the step of introducing a site-specific mutation
into the sc(Fv)2.

A method for suppressing association between sc(Fv)2s, wherein the method comprises the step of introducing a
site-specific mutation into the sc(Fv)2s.

A method for increasing the Tm value of an sc(Fv)2 by 10°C or more, wherein the method comprises the step of
introducing a site-specific mutation into the sc(Fv)2.

The method of any one of claims 1 to 3, wherein the introduction of a site-specific mutation introduces a mutation
to at least one amino acid selected from:

a) the 48th amino acid in the heavy chain;
b) the 65th amino acid in the heavy chain;
¢) the 7th amino acid in the light chain;

d) the 8th amino acid in the light chain;

e) the 36th amino acid in the light chain;
f) the 43rd amino acid in the light chain;
g) the 45th amino acid in the light chain;
h) the 70th amino acid in the light chain;

i) the 81 st amino acid in the heavy chain;
(j) the 39th amino acid in the heavy chain; and
(k) the 38th amino acid in the light chain.

(
(
(
(
(
(
(
(
(
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5. The method of any one of claims 1 to 4, wherein the introduction of a site-specific mutation introduces at least one
amino acid mutation selected from:

(a) substitution of the 48th amino acid in the heavy chain to isoleucine;
(b) substitution of the 65th amino acid in the heavy chain to glycine;

(c) substitution of the 7th amino acid in the light chain to serine;

(d) substitution of the 8th amino acid in the light chain to proline;

(e) substitution of the 36th amino acid in the light chain to phenylalanine;
(f) substitution of the 43rd amino acid in the light chain to alanine;

(g) substitution of the 45th amino acid in the light chain to arginine;

(h) substitution of the 70th amino acid in the light chain to aspartic acid;
(i) substitution of the 81 st amino acid in the heavy chain to glutamine;

(j) substitution of the 39th amino acid in the heavy chain to glutamic acid or lysine; and
(K) substitution of the 38th amino acid in the light chain to glutamic acid or lysine.

6. A method for stabilizing an sc(Fv)2 by any one of the following methods:

(a) a method for converting the 48th amino acid in the heavy chain to isoleucine;

(b) @ method for converting the 65th amino acid in the heavy chain to glycine;

(c) a method for converting the 7th amino acid in the light chain to serine;

(d) a method for converting the 8th amino acid in the light chain to proline;

(e) a method for converting the 36th amino acid in the light chain to phenylalanine;

(f) a method for converting the 43rd amino acid in the light chain to alanine;

(g) a method for converting the 45th amino acid in the light chain to arginine;

(h) a method for converting the 70th amino acid in the light chain to aspartic acid;

(i) a method for converting the 81 st amino acid in the heavy chain to glutamine;

(j) a method for converting the 39th amino acid in the heavy chain to glutamic acid or lysine; and
(K) a method for converting the 38th amino acid in the light chain to glutamic acid or lysine.

7. Ansc(Fv)2 into which a mutation has been introduced to at least one amino acid selected from:

(a) the 48th amino acid in the heavy chain;
(b) the 65th amino acid in the heavy chain;
(c) the 7th amino acid in the light chain;
(d) the 8th amino acid in the light chain;
(e) the 36th amino acid in the light chain;
(f) the 43rd amino acid in the light chain;
(g) the 45th amino acid in the light chain;
(h) the 70th amino acid in the light chain;
(i) the 81 st amino acid in the heavy chain;

(j) the 39th amino acid in the heavy chain; and
(k) the 38th amino acid in the light chain.

8. An sc(Fv)2 into which at least one amino acid mutation selected from the following (a) to (k) has been introduced:

a) substitution of the 48th amino acid in the heavy chain to isoleucine;

b) substitution of the 65th amino acid in the heavy chain to glycine;

¢) substitution of the 7th amino acid in the light chain to serine;

d) substitution of the 8th amino acid in the light chain to proline;

e) substitution of the 36th amino acid in the light chain to phenylalanine;

f) substitution of the 43rd amino acid in the light chain to alanine;

g) substitution of the 45th amino acid in the light chain to arginine;

h) substitution of the 70th amino acid in the light chain to aspartic acid;

i) substitution of the 81 st amino acid in the heavy chain to glutamine;

(j) substitution of the 39th amino acid in the heavy chain to glutamic acid or lysine; and
(K) substitution of the 38th amino acid in the light chain to glutamic acid or lysine.

(
(
(
(
(
(
(
(
(

9. An sc(Fv)2 selected from:
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10.

11.

12.

13.

EP 1 900 814 A1

a) an sc(Fv)2 with isoleucine as the 48th amino acid in the heavy chain;

b) an sc(Fv)2 with glycine as the 65th amino acid in the heavy chain;

¢) an sc(Fv)2 with serine as the 7th amino acid in the light chain;

d) an sc(Fv)2 with proline as the 8th amino acid in the light chain;

e) an sc(Fv)2 with phenylalanine as the 36th amino acid in the light chain;

f) an sc(Fv)2 with alanine as the 43rd amino acid in the light chain;

g) an sc(Fv)2 with arginine as the 45th amino acid in the light chain;

h) an sc(Fv)2 with aspartic acid as the 70th amino acid in the light chain;

i) an sc(Fv)2 with glutamine as the 81 st amino acid in the heavy chain;

(i) an sc(Fv)2 with glutamic acid or lysine as the 39th amino acid in the heavy chain; and
(k) an sc(Fv)2 with glutamic acid or lysine as the 38th amino acid in the light chain.

(
(
(
(
(
(
(
(
(

An sc(Fv)2 whose Tm value is 55°C or higher.

An sc(Fv)2whose Tm value has increased by 10° C or more by the introduction of a sitespecific amino acid mutation,
as compared with before the introduction.

A pharmaceutical composition comprising the sc(Fv)2 of any one of claims 7 to 11.
A method for producing the pharmaceutical composition of claim 12, wherein the method comprises the steps of:

(1) introducing the site-specific mutation of any one of claims 1 to 5 into the sc(Fv)2; and
(2) mixing with a pharmaceutically acceptable carrier.
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ABSORBANGE (450 nm/655 nm)
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ABSORBANCE (450 nm/655 nm)
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